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(57) Abstraet 

Compounds of formula (I) are disclosed which are vitronectin receptor antagonists and are useful in the treatment of osteoporosis 
wherein: A is CH 2 or O; R 1 is H, halo or Ci-6alkyl; R 2 is H, Ci-ealkyl or CH 2 NR'R"; X is O or CH 2 ; Y is (a), (b), (c), (d), (e), (f) or 
(g); G is NR", S or O; R* is H, Ci-salkyl, OCi-6alkyl, SCi-salkyl, NR"R" or halo; each R" independently is H or Ci-6alkyl; and s is 0, 
I or 2; or a pharmaceutical^ acceptable salt thereof. 
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FIELD OF THE INVENTION 

5 This invention relates to pharmaceutically active compounds which inhibit the 

vitronectin receptor and are useful for the treatment of inflammation, cancer and 
cardiovascular disorders, such as atherosclerosis and restenosis, and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

1 0 BACKGROUND OF THE INVENTION 

Integrins are a superfamily of cell adhesion receptors, which are transmembrane 
glycoproteins expressed on a variety of cells. These cell surface adhesion receptors include 
gpllb /Ilia (the fibrinogen receptor) and 0^83 (the vitronectin receptor). The fibrinogen 
receptor gpllb /Ilia is expressed on the platelet surface, and mediates platelet aggregation 

1 5 and the formation of a hemostatic clot at the site of a bleeding wound. Philips, et al., 

Blood., 1988, 71, 831 . The vitronectin receptor a v B3 is expressed on a number of cells, 
including endothelial, smooth muscle, osteoclast, and tumor cells, and, thus, it has a variety 
of functions. The a v 8 3 receptor expressed on the membrane of osteoclast cells mediates the 
adhesion of osteoclasts to the bone matrix, a key step in the bone resorption process. Ross, 

20 et al., J. Biol. Chem., 1987, 262, 7703. A disease characterized by excessive bone 

resorption is osteoporosis. The a v B3 receptor expressed on human aortic smooth muscle 
cells mediates their migration into neointima, a process which can lead to restenosis after 
percutaneous coronary angioplasty. Brown, et al., Cardiovascular Res., 1994, 28, 1815. 
Additionally; Brooks, et al., Cell, 1994, 79, i 157 has shown that an a v B3 antagonist is able 

25 to promote tumor regression by-ihdL^cin^ypbptbsiS of angiogenic blood vessels. Thus, 
agents that block the;; vitronectin receptor would be useful in treating diseases, such as 
osteoporosis, restenosis and cancer. 

The vitronectin receptor is now known to refer to three different integrins, 
designated a v B], a v B 3 and a v B 5 . Horton, et al., Int. J. Exp. Pathol:, 1990, 71, 741 . a v Bj 

30 binds fibronectin and vitronectin. cx v B3 binds a large variety of ligands, including fibrin, 

fibrinogen, laminin, thrombospondin, vitronectin, von Willebrand's factor, osteopontin and 
bone sialoprotein I. 0^85 binds vitronectin. The vitronectin receptor ot v B5 has been shown 
to be involved in cell adhesion of a variety of cell types, including microvascular 
endothelial cells, (Davis, et al., /. Cell. Biol., 1993, 51, 206), and its role in angiogenesis 

35 has been confirmed. Brooks, et al., Science, 1994, 264, 569. This iritegrin is expressed on 
blood vessels in human wound granulation tissue, but not in normal skin. 
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The vitronectin receptor -is. known U> bind to bene matrix proteins;which contain the 
tri-peptide Arg-Gly-Asp (or RGD) motif. Thus, Horton, et ah, Exp. Cell Res. 1991, 795, 
368, disclose that RGD-containing peptides and an anti-vitronectin receptor antibody 
(23C6) inhibit dentine resorption and cell spreading by osteoclasts. In addition, Sato, et al., 
5 J. Cell Biol 1990, 111, 1713 discloses that echistatin, a snake venom peptide which 

contains the RGD sequence, is a potent inhibitor of bone resorption in tissue culture, and 
inhibits attachment of osteoclasts to bone. 

It has now been discovered that certain compounds are potent inhibitors of the 
a v B3 and a v 85 receptors. In particular, it has been discovered that such compounds are 
10 more potent inhibitors of the vitronectin receptor than the fibrinogen' receptor. 

SUMMARY OF THE INVENTION 

This invention comprises compounds of the formula (I) as described hereinafter, 
which have pharmacological activity for the inhibition of the vitronection receptor and are 
1 5 useful in the treatment of inflammation, cancer and cardiovascular disorders, such as 

atherosclerosis and restenosis, and diseases wherein bone resorption is a factor, such as 
osteoporosis. 

This invention is also a pharmaceutical composition comprising a compound 
according to formula (I) and^a pharmajceutically carrier. " 
20 This invention is also a method of treating diseases which are mediated by the 

vitronectin receptor. In a particular aspect, the compounds of this invention are useful for 
treating atherosclerosis, restenosis, inflammation, cancer and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

25 DETAILED DESCRIPTION 

This invention comprises novel compounds which are more potent inhibitors of the 
vitronectin receptor than the fibrinogen receptor. The novel compounds comprise a 
dibenzocycloheptene core in which a nitrogen-containing substituent is present on one of 
the aromatic six-membered rings of the dibenzocycloheptene and an aliphatic substituent 

30 containing an acidic moiety is present on the seven-membered ring of the 

dibenzocycloheptene. The dibenzocycloheptene ring system is believed to orient the 
substituent sidechains on the six and seven membered rings so that they may interact 
*■ favorably with the vitronectin receptor. It is preferred that about twelve to fourteen 
intervening covalent bonds via the shortest intramolecular path will exist between the 

35 acidic group on the aliphatic substituent of the seven-membered ring of the 

dibenzocycloheptene and the nitrogen of the nitrogen-containing substituent on one of the 
aromatic six-membered ring of the dibenzocycloheptene. 

-2- 
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This invention comprises^cor/ypcunds cf fcrmula (I): 




: Ais,CH2 orQ; . : r u , .7 <;r >. , 
R 1 isH, halo orCi.galkyI; 
R 2 is H, Ci^lkyf.6r<2H 2 NR ,, R , : ; ^ 
X is O or CH 2 ; - . *- 

10 , . Yis .i- : . - • : 




G is NR", S or O; ; . . ; . 

R' is H, Ci.«alkyl v OCi_ 6 alkyl, SGi^alkyl; NR"R" or halo;- 
each R" independently is H or C^galkyl; and 
... s is 0, 1 or 2\ - . ; • . ■» - :.«•■.»• 

20 . or a pharmaceutical^ acceptable salt thereof. 

Also included in this invention are pharmaceutical^ acceptable addition salts and 
complexes of the compounds of this invention. In cases wherein the compounds of this 
invention may have one or more chiral centers, unless specified, this invention includes 
each unique nonracemic. compound which may be synthesized and resolved by 
25 conventional techniques. In cases in which compounds have unsaturated carbon-carbon 

-3- 
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double bonds; both the cis (Z) : and .trans (E)! isomers are..within the scoperbf this invention. 

In cases, wherein- compounds' may exist in tautomeric forms, such asiketo-enul tautomers, 
O OR' 

such as and , and each tautomeric form is contemplated as, being included 

within this invention whether existing in } equiUbrium pf. locked in one form by appropriate 
5 substitution with R\ , . 

, } The compounds of formula (I) jntybit the binding of vitronectin and other RGD- 

containing peptides to the vitronectin receptor. Inhibition of. the vitronectin receptor on 
osteoclasts inhibits osteoclastic bone,respn)tion and is useful in the treatment of diseases 
wherein bone resorption is associated, with. pathology, such as osteoporosis and 

10 . osteoarthritis..., , . • t „ .. _ 

, In another aspect^ this invention is a method for stimulating bone formation which 

comprises administering a compound which causes an increase in osteocalcin release. 
Increased bone production is a clear benefit in disease states whenpin there is a deficiency 
of mineralized bone.mass or remodeling of bone is desired, such as fracture healing and the 

1 5 prevention of bone fractures. .Diseases and metabolic disorders which result in loss of bone 
structure would also benefit frpm^uch treatment. For instance, hyperparathyroidism, 
Paget's disease, hypercalcemia of malignancy, osteolytic lesions produced by bone 
metastasis, bone loss due to immobilization or sex hormone deficiency, Behcet's disease, 
osteomalacia, hyperostosis and osteopetrosis, could benefit from administering a compound 

20 of this invention. 

Additionally, since the compounds of the instant invention inhibit vitronectin 
receptors on a number of different types of cells, said compounds would be useful in the 
treatment of inflammatory disorders, such as rheumatoid arthritis and psoriasis, and 
cardiovascular diseases, such as atherosclerosis and restenosis. The compounds of Formula 

25 (I) of the present invention may be useful for the treatment or prevention of other diseases 
including, but not limited to, thromboembolic disorders, asthma, allergies, adult respiratory 
distress syndrome, graft versus host disease, organ transplant rejection, septic shock, 
eczema, contact dermatitis, inflammatory bowel disease, and other autoimmune diseases. 
The compounds of the present invention may also be useful for wound healing. 

30 The compounds of the present invention are also useful for the treatment, including 

prevention, of angiogenic disorders. The term angiogenic disorders as used herein includes 
conditions involving abnormal neovascularization. Where the growth of new blood vessels 
is the cause of, or contributes to, the pathology associated with a disease, inhibition of 
angiogenisis will reduce the deleterious effects of the disease. An example of such a 

35 disease target is diabetic retinopathy.. Where the growth of new blood vessels is required to 
support growth of a deleterious tissue, inhibition of angiogenisis will reduce the blood 
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supply tothe tissue and thereby contTibwtejtoxeduttion'in tissue-mass based on blood 
supply requirements.;! Examples; include- igrowth of tumors iwhere neovascularization is a 
continual requirement in order that the tumor grow and the establishment of solid tumor 
metastases'. Thiis; the? compounds of the pYfcsent invention inhibit tumor tissue 
5 1 angibgenbiiis, thereby preventing tumor metastasis and tumor growth. 

Thus, according to the methods of the present invention, th6' inhibition of 
angibgeriesis iis^ can ameliorate the symptoms of 

' the'dis^ 1 i 

v ' "■' ' AriottidHKeriij^ 

10 diseases cKa6tdfizcb' 'b^n^ovaseulafiSa^ioiif ' Siibtf'feyt diseksfes include cofiical rico vascular 
disorders, such as corneal transplantation, herpetic keratitis, luetic keratitis pterygium and 
neovasculaf pahhus assoc!i&tfcd ; witli Contact ien's n use\' Additional eye diseases also include 
age-related macular degeheratioh/pVe'Surned bcufaV Histoplasmosis^ ^retinopathy of 
prematurity and neovasculkr gla'ticorh^ 1 ' r li " ' : ' ' ■ * ' 1 

15 ' This invention further jfjfrovii&es a method^f inhibiting tiimtir growth which 

comprises administering stepwise 6f in physical combination a compound of formula (I) 
and an antineoplastic agent, such as tb^btcB^rt arid'cisplatiri. " u 
y ' ' With respect to formula (I): .r™y - r '- i " ! ^ /* J ''■ 



20 



Suitably Y is ' - " '' r ' '^^^-^'^u 

NR" 




, wherein R' is H, Cj^alkyl, OC^alkyl, 



SC M alkyI, NR"R" or CI and each R n independently is H or C 1 . 4 alkyl. 
Alternately, Y is 

: ■ R"R"N 




25 " , wherein each R" is H or Cj^alkyl. 



Alternately, Y is 



30 andsisl. 



r N Y NR '~ V . 

, wherein each R" independently is H or C |.4alkyl, 



5- 
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Alternately, Y is .. .■ ., f1 ., r ; . : , r ? r . 



.0* . , ■■ • 



N 

FPR-'W— ^ 
G 

C M alkyI. 

Alternately, Y is 




, wherein G is S and each R" independently is H or 




NR M - 



, wherein R- y isH or Chalky fc 
Representative of the novel 1 compounds of this invention are the following: 
(±)- 1 0, 1 1 -Dihydro-3-[2-(6-aminopyridiri-2-yl> 1 -ethoxy]-5H- 
10 dibenzo[a,d]cyc}oheptcne-10-acetic acid; ; ' 

(±)-10 9 l l-Dihydro-3-L4-(pyridin-2-ylamino>l-butyl]-5H- • . 
dibenzo|a;djcycloheptene4 l0^cetic acid; J} 

(±)- 1 0, 1 1 -Dihydro-3-[3-(4-ethoxypyridin^2-ylamino)- 1 -propyloxy J-5H- 
dibenzora,d]c7c]oheptene-10-acetiic'acid; !; "" ' s - 
15 (S)-10,ll-Dihydro-3-[3-(pyridin-2-ylam^ 
dibenzof a,d*]cyclohe*ptene^ 1 O-aeetie' acid; • ; ' msk 

(R)-10,l 1 -Dihydro-3-f3-(pyridin-2-ylamirio)-l -propyloxy ]-5H- ; 
dibenzo[a,d]cycloheptene-10-acetic acid; 4 • a •> . r v . , i 
>(±H0J1-Dihyd^ 

20 „ dibenzofa,djcycloheptene^l0-acetic<acid; ' •••• 1 ■ 

(±)-10;ri-Dihydro-3-[242-(ethylamino)thiazo 
dibenzola;d]cycloheptenc-10-acetic acid; ?% ? 1 . . 

(±)-10,l l-Dihydro-3-[3-(isoquinoIine-l-ylaniino)-]-propyloxy]-5H- 
dibenzofa^djcycloheptene-l 0-acetic acid; 
25 ■> (±)-10,l 1 -Dihydro-T-fluoro-S-^-Cpyridin^-ylamino)-! -propyloxy ]-5H- 

dibenzola,d]cycloheptene-10-acetic acid; 

(S)- 1 0, 1 1 -Dihydro-3- [3-(4-methy lpyridin-2-ylarnino)- 1 -propyloxy ]-5H- 
dibenzo[a,d]cycloheptene-10-acetic acid; 

; - . (S)-10,l l-Dihydro-3-[3-(4^ethoxypyridin-2-ylamino)-l -propyloxy ]-5H- • 
30: dibenzo[a,dlcycloheptene-10-acetic acid; 

(±)- 1 0, 11 -Dihydro-6-methyl-3-[3-(pyridin-2-ylamino)- 1 -propy!oxy]-5H- 
dibenzof a,d Jcycloheptene- 1 0-acetic acid; 

-6- 
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(±)- 10,1 1 -Dihydro-2-(dimethylamino)methyl-7-fluoro^ 1 - 

propy loxy ]-5H-dibenzo[a,dlcycloheptene- 1 0-acetic acid; 

(S)- 1 0, 1 1 -Dihydro-3-f 3-|4-(2-propyloxy)pyridin-2-ylamino]- 1 -propyloxy]-5H- 
dibenzo[a,d]cycloheptenc-l 0-acetic acid; 
5 (S)-IOJ 1-Dihydro-3-[2-[6-(methylamino)pyndin-2-y]]-l-e 

dibenzo[a,d]cycloheptene-l 0-acetic acid; 

(S)- 1 0, 1 1 -Dihydro-3-[3-f4-(dimethylamino)pyridin-2-ylamino]- 1 -propy loxy ]-5H- 
dibenzo[a,d]cycloheptene-l 0-acetic acid; ^ .j ^ 

(±)- 1 0, 1 1 -Dihydro-3-[3-[4-(ethylthio)pyridin-2-ylamino]- 1 -propyloxy]-5H- 
10 dibenzo(a,d]cycloheptene-l 0-acetic acid; . "" : 

(S)- 10,11 -Dihydro-3-[3-(4-chloropyridin-2-y iamino)- J--propyloxy]-5H- 
dibenzo[a,d]cyclo}ieptenp- 1 Q-acetic acicj; . v/ 

, (±)- 1 0, 11 -pihydrq-2-n^ethyl-3-[3-(pyridin-2-ylamin 1,-propyloxy ]-5H- 
dibenzo[a,d]cycloheptene-l 0-acetic acid; « ; ;^ . - % ; - 
15 (S)-10,l l-Dihydro-3-r3-(4-aminopyridin-2-ylamino)-Uprcpyloxy]-5H- 

dibenzo[a,d]cycloheptene-l 0-acetic acid; ' ' = 

(±)-10,l l-Dihydro-3-L3-(4-methylpyndin-2-ylamino)-rNpropyloxy]- 
dibenzo[b,noxepine-lQ-ajCptic acid; i <^:iM\ — ' r\W I . r . - - 

(±)-10 t 1 1 -Dihydro-3-[2-t6-(methylaminp)pyrjdiri-2r-yll- :1 ^etboxyj-. - 
20 dibenzo[b,fJoxepine-l 0-acetic acid; and r \\ ' ; 1 - 

(5)- 10,1 l-Dihydro-3-[3-(2-aminopyrjdin-4-yl.)-JrpropyloxyJ-5//- ... / 
dibenzo[a,c/Jcycloheptene-l 0-acetic acid; .t-h>w;;.- : \ ; > 
or a pharmaceutically acceptable salt thereof: m, r v . > 

, „ In cases wherein the compounds of this: invention may have? one or more chiral 
25 centers, unless specified, this invention includeseach unique nonracemic compound which 
may be synthesized and resolved by conventional techniques: 'According to the present 
invention, the (S) configuration of the formula (1) compounds is preferred. ; 

In cases in which compounds have unsaturated carbon-carbon 1 double bonds, both 
the cis (Z) and trans (E) isomers are within the scope of this invention. The meaning of any 
30 substituent at any one occurrence is independent of its meaning, or any other substituenfs 
meaning, at any other occurrence. 7 . 

Also included in this, invention are prodrugs of the compounds of-this invention. 
Prodrugs are considered to be any covalently bonded carriers which release the active 
parent drug according tc formula (I) in vivo. Thus, in another aspect of this invention are 
35 novel prodrugs, which are also intermediates in the preparation of formula (I) compounds, 
of formula (II): m , . • 



7- 
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(CH 2 ) 2 . 3 — x-H- 




wherein: 



C0 2 C,. 6 alkyl 



A isCH2orO; 

R 1 is H, halo or Cj.^alkyl; 

R 2 is H, C]. 6 alkyl or CH 2 NR"R"; 

X is O or CH 2 ; ' : i • 

Yis >... : :- 

N >■ NR" — 



N. 



R"R"N — ^ | 



(II) 

r ■ 



R"R"N 






R"R"N 




or 



15 



20 



G is NR", S or O; ; • ' ' ' ' ' 1 

'R> is H, Ci.6alky'l, 6cl.6alkyl, SCi.ealkyI, NR"R" or hdo; ' ' ' 

each R" independently is H oi Cj.galkyl; and : 
s is 0, 1 or 2; - ' ; • • ' ' 

or a pharmaceutical^ acceptable salt thereof. .... 

In yet another aspect of this invention arc novel intermediates of formula (III): 



- 8- 



BNSDOCID:<WO . 9915508A1 I > 



WO 99/15508 PGT/US9S/19466 




wherein: 

A is CH2 or O; 
R 1 is H, halo orCj^alkyl; 
5 R 2 isH, Cu6alkylorCH 2 NR ,, R u ; ; 

X isOorCH 2 ; ' 

R' is H, Cj.6alkyl, OCi_6alkyl, SCi^alkyl, NR M R" or halo; and 
each R" independently is H or C j.^alkyl; 
or a pharmaceutical^ acceptable salt thereof. ; ? 

10 Abbreviations and symbols commonly used in the peptide and chemical arts are 

used herein to describe the compounds of this invention. In general, the amino acid 
abbreviations follow the IUPAC-IUB Joint Commission on Biochemical Nomenclature as 
described in Eur. J. Bigchem., 158, 9 (1984). <r "*" - • 

Chalky I as applied herein mearis an optionally substituted alkyl group of 1 to 4 
15 carbon atoms, and includes methyl, ethyl, n-propyl, isopropyl, h-butyl, isobutyl and t-butyl. 
Cj.^alkyl additionally includes pentyl, n-pentyl, isopentyl, neopentyl and hexyl and the 
simple aliphatic isomers thereof- CQ^alkyl and Cg^alkyl additionally indicates that no 
alkyl group need be present {e.g., that a covalent bond is present). 

Any C|_4alkyl or C]_£ alkyl may be optionally substituted with the group R x , 
20 which may be on any carbon atom that results in a stable structure and is available by 
conventional synthetic techniques. Suitable groups for R x are Cj^alkyl, OR , SR 
C,. 4 alkylsulfonyl, C^alkylsulfoxyl, -CN, N(R") 2 , CH 2 N(R") 2 , : N0 2 , -CF 3 , -C0 2 R", - 
-CON(R") 2 , -COR", -NR n C(0)R ', F, CI, Br,. I, or CF 3 S(0) r , wherein risO, 1 or 2. 
Halogen or halo means F, CI, Br, and I. > . . ... 

25 Ar, or aryl, as applied herein, means phenyl or naphthyl, or phenyl or naphthyl 

substituted by one to three substituents,such as those defined above for alkyl, especially 
C M a1kyl, C]. 4 a|koxy, C, . 4 alkthio, CF 3 , NH 2 , OH, F, CI, Br or I. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary butyl 
radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the 
30 fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 

benzyloxycarbonyl radical, Bn refers to the benzyl radical, Me refers to methyl, Et refers to 
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ethyl, Ac refers to acetyl^ Alfc refers to O ^alkyl, Nph refers to 1- or^naphthyl and cHcx 
refers to cyclohexyl. Tet refers to 5-tetrazolyI. i , i:> >.■,■ • , 

Certain reagents are abbreviated herein, DCC refers to'dicyclohexylcarbodiimide, 
DMAP refers to dimethylaminopyridine, DIEA refers to diisopropytethylamine, EDC 
refers to l-(3-dimethylarninopropy!)-3rethylcarbodiirnide f hydrochloride. HOBt refers to 
1 -hydroxybenzotriazole, THF refers to tef rahydrofufan, DIEA refers to ' . . 
diisopropylethylamine, DEAD refers to diethyl azodicarboxylate,, PPh3 refers to . 
triphenylphosphine, DIAD, refefsito diisopropyl azodicarboxylatev DME.refers to 
dimethoxyethane, DMF refers to dimeihylformamide, NBS refers to N-brornosuccinimide, 
Pd/C refers to a palladium on carbon catalyst, PPA refers to polyphosphoric acid, DPPA 
refers to diphenylphosphoryl azide, BOP refers to benzotriazol-l-yloxy-tris(dimethyl- 
amino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid, TEA refers to 
triethytamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium chlorochromate. 

The compounds of formula (I) are generally prepared by reacting a compound of 
formula (IV) with a compound of formula (V): 



20 



25 



HO 




COgC^aikyl 



: (IV) L 



Y-(CH 2 ) 2 _3- 

(V) , 



wherein R 1 , R 2 , Y and A are; as defined irv formula (I), with any reactive functional 
groups protected, and L 1 is OH or halo; . f . . . . -. ., ; 

and thereafter removing any . protecting groups, and optionally forming a 
pharmaceutical!^ acceptable salt. - = 

, Suitably, certain compounds of formula (I) are prepared by reacting a compound of 
formula (IV) with a compound of formula (VI): !; 



HO 




COgC^galkyi 



-NR" (CH 2 ) 2 . 3 OH 



(IV) 
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'■'v.i wherenrRl, R 2 ,*RYR':aYid .Aiare^ defined in •formuia.(I)," with any reactive 
functional groups protected; *vi-;.\\i.j' ! * - v: •■ '-:T i:\ r .\Ai'*l r\ . % 

>. 'andahereafter removing any protecting groups, and optionally forming a 
pharmaceutibal ly ; acceptable salt . , ■ < - «» m x ' 

• , .Suitably; thexeaction between a compound of formual (IV); with a compound of 
formula (VI) is carried atit in/the, presehce.vOf diethyl azbdicarboxylate and 
triphenylphospMne.'in.an^aprotiasol.veht^b i*-- : \ r . 

i\ Additionally, /certain compounds ?of formula (I) are prepared by'reactinga 
compound of formula (FV) with a f compobnd:©f formuia-(VnO: : j '•■-> {i ' * 




Or 



,N 



N^^(CH 2 ) 2 ^--OH 



COgC^dlkyl 



(IV) 




wherein R^ , R 2 , R" and A are as defined in formula (I), with any reactive 
15 functional groups protected; 

and thereafter removing any protecting groups, and optionally forming a 
pharmaceutical^ acceptable salt. 

Suitably, the reaction between a compound of fbrmual (IV) with a compound of 
formula (VII) is carried out in the presence of diethyl azodicarboxy late arid 
20 triphenylphosphine in an aprotic solvent. - 4 ■ • * 

:: Compounds' of the formula (I) 'are- prepared' by the 'methods described in Bondinell 
et al., PCT Publication No. WO 97/01540 (InternaHciriarApplication No. ; 
PCT/US96/1 1 108), published January 16; 1997,- the tentire disclosufe of which is 
incorporated herein by reference. u - : * ,r 1 r * <■ ' 

25 Additionally, compounds of formula (I) are prepared by methods analogous to 

those described in the schemes that are detailed hereinafter. 
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Scheme I 




a) 10% Pd/C, HOAc; b) SOCl 2 , toluene; c) A1C1 3 , CH 2 C\ 2 / 



C, ri s * 



Scheme I, details the preparation of an intermediate useful in the preparation of 
formula (I) compounds. 
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a) LiN(TMS) 2 , ethyl bromoacetate; b) Jones reagent, Os0 4 ; c) H 2 , 10% Pd/C, HOAC; 
d) C 2 0 2 C1 2 , DMF; e) A1C1 3 , CH 2 C1 2 , RT; 0 H 2 , 10% Pd/C, HOAC 

5 Scheme II also details the preparation of an intermediate useful in the preparation 

of formula (I) compounds. 
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(a) EtOAc/LiHMDS, THF; (b) H&WMM/C, cone. HCI, AcOH; (c) EtSH, AICI3, CH 2 CI 2 ; 
(d) 2-I(3-hydroxy-l-propyl)amino]-4-nitropyridine-N-oxide, DEAD, (Ph)3P; (e) NaOEt, 
EtOH; (f) cyefo^xene^lp% Pd/C, Etplfr(g) 1.0 N NaOH, EtOH; (h) HCI. 

5 - Scheme III details the preparation of ^formula (I) compound. Reaction of IH-1 

(which is a Scheme 1-3 compound) in an aldol-type reaction with the enolate of ethyl 

acetate, which can be generated from ethyl acetate on exposure to an appropriate amide 

base, for instance lithium diisopropylamide (LDA) or lithium bis(trimethylsilyl)amide 

(LiHMDS), gvyes JII-2. Frequently, THF is the solvent of choice for an aldol reaction, 
■■■■ •• ** ; i ' • • 

10 although THF in the presence of various additives, for instance HMPA or TMEDA, is often 

used. .'Reduction df III-2 jp give ilI-3 (which is a Scheme II-6 compound} can be 

accomplished by hydrogenolysis over an appropriatexatalyst, for example palladium metal 

on activated carbon (Pd/C), in an appropriate solvent, such as acetic acid, in the presence of 

a mineral acid such as HCI. Alternatively, this reduction can be accomplished by treatment 

15 of XII-2 with triethylsilane in the presence of boron trifluoride etherate by the general 

method of Orfanopoulos and Smono\r(jSynth. Commun. 1Q88, 833). Rerhoval of the methyl 
ether of III-3 to give III-4 can be accomplished with BBr3 in 'an inert solvqnt, for example 
CH2CI2, or by reaction with ethanethiol and AJCI3 itf an inert solvent, preferably CH2O2. 
Other useful methods for remova}Q>Pa-rnethyl ether are described in Greene, ^'Protective 

20 Groups in Organic Synthesis" (published by John Wiley and Sons). Compound 4 of 

Scheme 3 (III-4) is reacted with 2-[(3-hydroxy-l-propyl)amino]-4-nitropyridine-N-oxide in 
a Mitsunobu-type coupling reactioriXOir^n/c Reactions 1992, 42, 335-656; Synthesis 1981, 
1-28) to afford III-5. The reaction hs mediated % the complex formed between diethyl 

-~\ r . : 

azodicarboxylate and triphenylphosphine^an^ rs cotfdiucted in an aprotic solvent/for 
25 instance THF, CH2CI2, or DMF. Compound III-5 is reacted with an alkali r metal salt of an 
appropriate alcohol to afford III-6. Suitable alkali metals include lithium, sodium, 
potassium, and cesium, and the alcohol used for the displacement reaction is generally used 
as the solvent. Methods for forming the alkali metal salts of alcohols are well-known to 
those of skill in the art. The pyridine-N-oxide moiety of III-6 is reduced to the 
30 corresponding pyridine III-7 under transfer hydrogenation conditions using a palladium 
catalyst, preferably palladium metal on activated carbon, in an inert solvent, for instance 
methanol, ethanol, or 2-propanol. Cyclohexene, 1 ,4-cyclohexadiene, formic acid, and salts 
of formic acid, such as potassium formate or ammonium formate, are commonly used as 
the hydrogen transfer reagent in this type of reaction. The ethyl ester of III-7 is hydrolyzed 
35 using aqueous base, for example, LiOH in aqueous THF or NaOH in aqueous methanol or 
ethanol, and the intermediate carboxylate salt is acidified with a suitable acid, for instance 
TFA or HCI, to afford the carboxylic acid III-8. Alternatively, the intermediate 
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(a) NaH, 2-[N-(3-methanesulfonyloxy-l-propyl)-^ 
N-oxide, DMSO; (b) TFA, CH 2 C1 2 ; (c) see Scheme III. 

10 

Scheme IV describes an alternative method for the preparation of formula (I) 
compounds. Compound IV-1 is reacted with a base, preferably an alkali metal hydride 
such as sodium hydride or potassium hydride, in a polar, aprotic solvent, generally THF, 
' DMF, DMSO, or mixtures thereof, to afford tHe corresponding alkali metal phenoxide. 

15 Alternatively, an alkali metal amide, for instance LDA, or the lithium, sodium, or 

potassium salt of hexamethyldisilazane, can be used for deprotonation. The intermediate 
phenoxide is generally not isolated, but is reacted in situ with ah approjpriate electrophile, 
for instance 24N-(3-methahesulfonyloxy-1-propyl)-N-(r^rf-butoxycarbbnyl)- 
amino]pyridine-N-oxide, to afford the coupled product IV-2. The terf-butoxycarbonyl 

20 protecting group in IV-2 is removed under acidic conditions, such as 4M HC1 in 1,4- 
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dioxafie or TFAin GH 2 C1 2 , to afford I V^3v> Conditions for removal off the terh • 
butoxycarbonyl protecting group are well -known to'those of skill in the art, and several 
useful methods are described in standard reference volumes such as Greene "Protective 
Groups in Organic Synthesis". IV-3 ;s subsequently converted to IV-4 following the 
5 procedure outlined in Scheme III. 

: . '\ Scheme V 

i . **• . 




(a) PhOH, Cu, K 2 CQ 3 ; (b) sulfur, morpholine; (c) KOH, H 2 Q, i-PrOH; (d) SQC1 2 , 
benzene; (e) AJCI3, CH 2 C1 2 ; (f) EtOAc, LiN(TMS) 2 , TMEDA, THF; (g) Et 3 SiH, BF 3 • 
OEt 2 , CH 2 C1 2 ; (h) H 2 , Pd/C, EtOH; (i) BBr 3 , CH 2 C1 2 . 



15.. . .Commercially available 2-fluoro-4-methoxyacetophenone (V-l) reacts with an 

alcohol, for example phenol, in the presence of copper metal and a suitable base, for 
instance K 2 C0 3 , to afford the diaryl ether V-2 ? On treatment with sulfur and an 
appropriate primary or secondary amine, preferably morpholine, according to the general 
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method of Harris (JJMedyCHem. 355); : V-2«is converted to ? V-S in a classical 

Willgerodt-KihdJfer reaction. The th 

corresponding carbbxylic acid V-4 by reaction with an alkali metal hydroxide, suitably 
KOH, in an aqueous alcoholic solvent; such as aqueous MeOH; EtOH, or i^PrOH. 
5 Carboxy lie acid V-4 is converted to the corresponding acid chloride : by reaction with either 
SOO2 or oxalyl chloride according to conditions Well-known to those of skill in the art. 
Treatriient of this acid chloride with* an appropriate Friedel-Crafts caitalyst, such as AICI3 or 
' SnCl4, in an inert solvent, such-as GH^Gl^ or GS^;' provides the cyclic ketone V-5. 

Alternatively, acid V-4 can be converted directly to ketone V-5 under acidic conditions, for 
10: example- with poly phosphoric acid.' Reaction of V-S in an aldol - type reaction with the 
eholate of ethyi acetatei Whichcan be generated from ethyl acetate oh exposure to an 
apprbpriate amide base,^ for instance lithium diisopropylariiide (LDA) or lithium 
bis(trirhethyisilyl)amide (LiHMDS), J gives V-6. Frequently, THF is the solvent of choice 
for an aldol reaction, although THF in the presence of various additives, for instance 
15 HMPA or TMEDA;' is often used. Reduction of V-6 to give V-7 can be accomplished by 
treatment of V-6 with triethylsilane in the presence of boron triflubride etherate by the 
* general method of Orphanopoulos arid Smoriu (Synth. Commun. 1988, 833). Any olefinic 
by-products tiiat result from elimination of the alcohol are reduced by hydrogenation over 
an appropriate catalyst, for example'paliatfium metal oh activated carbon' 1 '(Pd/C), in an 
20 appropriate solvent, such as MeGH or EtOHl J Alternati vely, the reduction of V-6 to give 
V-7 can be Accomplished by hyorogenolysis in the presence of a mineral acid such as HC1. 
Typically, this reaction is catalyzed by Pd/C, and is optimally conducted in acetic acid. 
Removal of the methyl ether of V-7 tb give V-8 can be accomplished with 1 BBrj in an inert 
solvent, forex'ample ; CH2G]2; or by reaction with ethanethio'i and AICI3 in an inert solvent, 
25 preferiibfy CH2CI2. Other Useful methods fdr removal of a methyl ether are described in 
" ■ ' Greene, "Protective; Groups in Organic Synthesis" 1 (published by John Wiley and Sons). 

V-"83s subsequently converted to formula (I) compounds following the procedure outlined 
in Scheme III. V 1 s ( • ■ ■ 1 . ' — ^ 

Acid addition' salts of the compounds are prepared in a stabclard manner in a 
'30 suitable solvent from the parent compound and an excess of an acid, kich as hydrochloric, 
hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic, trifluoroacetic, maleic, succinic or 
methanesulfonic. Certain of the compounds form inner salts or zwitterions which may be 
: acceptable. Cationic salts are prepared by treating the parent compound with an excess of 
an alkaline reagent, such as a hydroxide, carbonate or alkoxide, containing the Appropriate 
35 : cation; or with an appropnate organic amine. Cations such as Li+, Na + , K+, Ca+ +, Mg + + 
and NH4+ are specific examples of cations present in pharmaceutically acceptable salts. 
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rj t This inyention,also provides a pharm^uticaJ compo,sition : which comprises a 
compound! apeprdtngto formula (I) and a pharmaccutically acceptable carrier. 
Accordingly the^ornpo^dsrof formula; (I) may be used in .the manufacture of a 
medicament. ; Pharmaceutical, compositions of the compounds of formula (I) prepared as 
5 herein|>ef9re described may heiformulated as solutions or lyophilized powders for 

parenteral ^dmi^i ; str^tipn.. ; Powders may be reconstituted by addition of a suitable diluent 
or other pharmaceu-tically acceptable c^rr^er priorj to Aise. The liquidformulation may be a 
buffered, isotonic, aqueQiU^ sqlution. Examples of, suitable /diluents are normal isotonic 
, . saline solution, standard ^ dextrose iji:jyii]E£F pr buffered sodium or ammonium acetate 

10 , solutji.Ofi. ^Sych formulation is especially, suitable for parenteral, administration, but may also 
be used for oral admini^tration.pr .contained in a metejed dpse inhaler or nebulizer, for 
insufflation. =It rnay be desirable to ad^ ; excipients : such as pplyyiny^pyrrolicjone, gelatin, 
hydroxy cellulose, acacia, polyethylene glycol, mannitol* spdiurp chloride or sodium 
citrate.. ... - • . .... . : . i. ;u n n. V: f 

15 Alternately, these compounds may be encapsulated, tableted *pr prepared in a 

emulsion or syrup for oral administration. > Pharmaceutical^ acceptable solid cr liquid 
carriers may bemadded Jo enhance pr stabilizethe composition,, or to facilitate preparation of 
.. the corappsition. . Splid carriers include star : chv !actQse, r calciurrL sulfate dihydrate, terra alba, 
magnesipm, s^earate or stearic ^ci^, pectin, acacia ag$r or gelatin,, Liquid carriers 

20 include syrup, peanut oil, ojive oil, saline andwater. The carrier may also include a 

sustained release material such as glyceryl mpnostearate or glyceryl distearate, alone or 
with awax. The amount ofj solid carrier varies ;but, preferably, will bg between about 20 
mg to about 1 g per dosage unit. The r pharmaceutical preparations are, made. following the 
conventional techniques of pharmacy involving milling, mixing, ; granulating, and 

25 compressing, when necessary, for tablet forjns; or. milling,i mixing aud filling for hard 

gelatin. capsule forms, When a liquid carrier, is used, the preparation will be in the form of 
. a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. ; Such a liquid 
formulation may be administered directly p.o. or filled into a soft gelatin capsule., 
. , . For. rectal administration, the compounds of this in vendor; may also be combined 

30 with excipients such as cocoa butter, glycerin, gelatin or polyethylene glycols and molded 
into a suppository. 

. The compounds described herein are antagonists of the vitronectin receptor, and are 

useful for treating diseases wherein the underlying pathology is attributable to ligand or cell 
which interacts with the vitronectin receptor. For instance, these compounds are useful for 
35 the treatment of diseases wherein loss of the bone matrix creates pathology. Thus, the 
instant compounds are useful for the treatment of ostoeporosis, hyperparathyroidism, 
Paget's disease, hypercalcemia of malignancy, osteolytic lesions produced by bone 
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metastasis, bone loss due to immobilization or sex hormone deficiency. The compounds of 
this invention are also believed^o have utility as antitumor, ariti-ahgiogenic, -> >' : 
antiinflammatory and anti-metastatic agents, and be useful in the treatment of •>• 
atherosclerosis and, restenosis. : ; . . - . ; 

5 The compound is administered either orally or patenter ally to the patient, in a 

manner such that the concentration of drug is sufficient to inhibit bone resorption; or other 
such indication. The pharmaceutical composition containing the compound-is administered 

■ • 0- at an oral dose of between:about &1 to about 50 mg/kg in a manner consistent with the 
condition of the patient. Preferably the orals dose would be about 0.5 to about 2CMmg/kg. 

1 0 For acute therapy, parenteral administration is preferred. An intravenous infusion of the 
peptide in 5%>dextrose in water or normal saline; or a similar formulation with suitable 
. excipients, is most effective, although anintramuscularbolus injection is also useful. 
Typically, ithe parenteral dose will be about 0.01 to about 100 mg/kgy preferably between 
0.1 and 20 mg/kg The compounds are administered one to four times daily at a level to 

1 5 achieve a= total daily dose of about 0.4 to about 400 rng/kg/day. The precise level and 

method by which the compounds are administered is readily determined by one routinely 
skilled in the art by comparing the blood level of the agent to the concentration required to 
have a therapeutic ieffect: \n -„ : ... , ■ . _ . 

^ : \ This invention further provides a> method for treating osteoporosis or inhibiting 

20 bone loss which comprises-administering stepwise or "n physical combination a compound 
of formula (I) and other inhibitors of bone resorption, such^as bisphosphonates (i.e., 
allendronate), hormone replacement therapy, anti-estrogens, or calcitonin; In addition, this 
invention provides a method of <treatmem using a compound of this invention and an 
anabolic agent, such aSithe bone morphogenie protein, iprcflavone, useful in the prevention 

25 of bone , loss and/or to increase bone mass. -" ■ . « 

1 ; Additionally , ; this invention provides a method of inhibiting tumor growth which 
r . comprises administering stepwise or in physical combination a compound of formula (I) 
: ' and an antineoplastic agent. Compounds of the camptothecin analog class, such as 
topotecan, irinotecan and 9-arninocamptothecin, and platinum coordination complexes, 

30 such as cisplatin, ormaplatin and tetraplatin, are well known groups of antineoplastic 
agents;, Compounds of the camptothecin analog class are described in U.S. Patent Nos. 
. 5,004,758, 4,604,463, 4,473,692, 4,545,880 4,342,776, 4,513,138, 4,399,276, EP Patent 
Application Publication Nos . 0 418 C99 and 0 088 642, Wani, et al M 7. Med Chem., 1986, 
29, 2358, Wani, et a!., J. Med Chem. y 1980, 25, 554, Want, et a!., J. Med. ChenU 1987, 30, 

35 1774,.and Nitta, et al., Proc. 14th International Congr. Chemotherapy,, 1985, Anticancer 
Section /, 28, the entire disclosure of each which is hereby incorporated by reference. The 
platinum coordination complex, cisplatin, is available under the name Platinol® from 

-20- 



BNSDOCID: <WO„ 9915508A1 I > 



WO 99/15508 



PeT/US98/19466 



BristolMyers^Squibb Corporations UsefuLfor.mi»lal)i(i>ns;for eisp!atin are described in U.S. 
Patent Nos^562,925 ,and 4,3 1 0,5 1 5„thfe ejitirerdxsdlosure of edch* which .is hereby 
incorporated toy 'reference:; , • v \ -\ ^ ; • * ./ 

In the method of inhibiting tumor growth which comprises 1 administering stepwise 
5 . . or in physical combination a compound of formula (I) and an antineoplastic agent, the 
platinum coordination compound, if or example en splat in, can be administered using slow 
intravenous infusion. The preferred carrier is adiextrose/saiine solutioacontaining 
- mannitol. The dose schedule of ithe platinum coordination compound may. be on the basis 
; of from about 1 to^aboutSOO mg p©r Square meter: 'of body* surface area per course 

10., of treatment. Infusions of the -platinum ;coordiation\ compound may be given one to two 
times weekly, and the . weekly treatments may be repeated -several times. Using a * 
compound of the Ccimptothecin analog class m a parenteral administration, the course of 
therapy generally. employees from about 0.1 to about 300.0 mg/rny of body surface area 
per day for about five consecutive days. Most preferably, the course of therapy employed 
15 for topotecan is from about 1 :0 to about 2.0 mg/m? of body surface area per day for about 
. . five consecutive days. Preferably, the course of therapy is repeated at least once at about a 
seven day to about a twenty-eight day interval. » • . s *;. : 

The pharmaceutical composition may be formulated with both the: compound of 
. formula. (I) and the antineoplastic: agentrin the same container, but formi altion in different ; 
20 containers is, preferred. When- both agents are= provided in solution form, they canibe '} \ 
contained in an infusion/injection system for simultaneous administration or in a tandem - 
arrangement. • . , <i:U- .. c •■ • • '>*■ •• 

• . For convenient admimstration^ofrthe compound of formula : (I) and the j 
antineoplastic agent at the same or differentutirnes, £ kit is prepared, comprising, in a single^ 
25 container, such as a box, carton or other container,! individual bottles, bags, vials cr other 
, containers, each having an. effective amount of the* compound of formula (I) for parenteral 
administration, as described above, and an effective amount of the antineoplastic agent for 
parenteral administration, as described above. Such kit.can .comprise, for example, both 
pharmaceutical agents in separate containers or thesame container, optionally as 
30 ..lyophilized plugs, and containers of solutions for reconstLtution. A variation of this is to 

include the solution, for reconstitution and theJyophilized plug in two chambers of a single 
.. container, which can be caused to admix. prior to use. With such an arrangement, the 
.. antineoplastic agent and the compound of this invention may be packaged separately, as in 
r . ; - two containers, of lyophilized together as a powder and provided in a single container. 
35 , When both, agents are provided in solution form, they can be contained in an 

infusion/injection system for simultaneous administration or in a tandem arrangement. For 
example, the compound of formula (I) may be in an i.v. injectable form, or infusion bag 
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linked in series, ma. tubing, to the antineoplastic agentrin asecond infusion bag. Using such 
-a system, ;a patient can receive aniinitial bolusrtype injection or infusion of the compound 
of formula (I) followed by an infusion of the antineoplastic agent.! // .. .- ; 

The compounds may be tested in one of several biological} assays to determine the 
5 concentration of compound which is required to have a gi ven pharmacological effect. 



Inhibition of vitronectin binding *>f. m.i ,,• ..;;?! >;; : >-; 'v o ^ i ,■ 

Solid-Phase *H]-$K&E-jQ7260: Binding JoMvJSj^ Human placenta or human platelet 
■si wCXvp3 (0,1,;-0,3 mg/mL) in buffenT (containing 2 ,tnM CaClo andl.% octylglucoside) was 

10 ^ diluted: with buffer ^containing 1 mM CaGl&Jl mM,Mn'Cl2, I mM.MgC!2 (buffer A) and 
0.05% NaNa, and then immediately added to 96-weli ELISA -plates! (Coming, New York, 
NY) at, 0.1 mL pcgrjwelL .€). 1 - 0.2 yg of ot v p3 was added per well. The plates were 
incubated overnight at 4?G. At the time of the experiment, the wells were washed once 
with buffer. A and; were incubated with 0:1 mL of 3.5% bovine serum albumin in the same 

15 buffer for 1 hr at room temperatures Following incubation the wells were aspirated 
.-. completely and washed twice with 0.2 mL buffer A. 

, ^Compounds weredissolved in 10()%>DMSO to give a 2 mM stock solution, which 
was diluted with binding buffer ( 1 5 imM Tris-HCl.(pH 7.4), 100 mM NaCl, L mM CaCl2, 1 
mM MnGl2, l mM MgCl2) to a final compound concentration of 100 fiM. This solution is 

20 then dilutedtb the required final compound concentration. Various concentrations of 

unlabeled antagonists (0.001 - lOOpM) were added to the wells in triplicates, followed by 
the addition of 5.0 nM of [ 3 H]-SK&F- 107260 (65 - 86 Ci/mmol). 

The plates were incubated for 1 hr at<room iemperaturel Following incubation the 
• ! .wells were aspi rated completely; and washed once with 0i2 mL of ice cold buffer A in a 

25 well-to-well fashion., The receptors v/ere solubilized with 0.1 mL of 1% SDS and the 
bound f 3 H]-SK&F-107260 was determined by liquid scintillation counting with the 
addition of 3 mL Ready Safe in a Beckman LS Liquid Scintillation Counter, with 40% 
efficiency. .Nonspecific binding of [ 3 H]-SK&F- 107260 was determined in the presence of 
2 pM SK&F-107260 and was consistently less than 1 % of total radioligand input. The 

30 ; IC50 (concentration of the antagonist to inhibit 50% binding of [ 3 H]-SK&F- 107260) was 
determined by a nonlinear, least squares curve-fitting routine, which was modified from the 
LUNDQN-2 program. The Kj (dissociation constant of the antagonist) was calculated 
according to the equation: Kj = IC5()/(1 + L/K<j>, where L and K<j were the concentration 

i and the dissociation constant of [ 3 H]-SK&F-1 07260, respectively. ' . 

35 Compounds of the present invention inhibit vitronectin binding to SK&F 107260 in 

the concentration range of about 2.5 to about 0.001 micomolar. < 
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"Compounds of this invention aEdalso tested for in viiro and in vivo bone resorption 
.: in assays-standard An the art, for evaluating^ inhibition of bone formation; such as the pit 
formation assay disclosed in:EB528 687; which may.also be performed using human 
osteoclasts in= place of rat osteoclasts, and the ovanxtomized rat model, described by 
5 Wronski ehalv,.Cell^and Materials 1991^ 

Vascular smooth muscle cell migration assay :t 

■•».-■:* - Rat or human aortic smooth muscle Cells were used. The cell migration was 
monitored in a Transwelf cell culture chamber by using a polycarbonate membrane with 
10 . pores»of 8 um (Gostar). The lower surface of the filter was coated with vitronectin. Cells 
were suspended in DMEM supplemented, with 0.»2% bovine serum albumin at a 
concentration of 2.5 - 5.0 x 10^*cells/mL, and were pretreated with test'eompound at 
various concentrations for 20 min at 20°G. The solvent alone was used as control. 0.2 mL 
of the cell suspension >was placed in the upper compartment of the chamber. The lower 
15 compartment contained 0.6. mL ofiDMEM supplemented with 0.2% bovine serum albumin. 
Incubation was carried out at 37°C in an atmosphere of 95% air/5% CO2 for 24 hr. After 
\ incubation, the nonTmigrated celKs onl the -uppen surface of the filter were removed by gentle 

scraping. The.filtenwas' then fixed in methanol and: stained with 10% Giemsa stain. 
. :. Migration, tyasrheasured .either by ac counting the aumber of fefclsthat hid migrated to the 
20 lower surface of the filter or by b) extracting the. stained cells with 10% acetic acid : 
followed by determining the absorbance at 600<nM. 

Thyroparathyroidectomized rat model - 

Each experimental 1 group consists of- 5-6 adult male Sprague^Dawley rats (250-400g body 
25 weight). The rats are thyroparathyroidectomized (by the vendor, Taconic Farms) 7 days prior to 
. use. All rats receive a replacement- dose of thyroxine -every 3 days. ./Gftii receipt of the rats, 
circulating ionized calcium levels are measured: in whole blood immediately after it has been 
, * withdrawn by tail venipuncture into, heparinized tubes. Rats areincluded if the ionized Ca level 
(measured with; a Ciba-Corning model 634 calcium pH analyzer) is < 1.2 mM/L. Each rat is fitted 
30 with an indwelling venous and arterial catheter for the delivery of test material and for blood 
. sampling respectively. The rats are then put on a diet of calcium-free chow and deionized water. 
. .Baseline Ca levels are measured and each rat is administered either control vehicle or human 
. parathyroid hormone 1,-34 peptide (hPTH 1-34, dose 1 .25 ug/kg/h in saline/0,1 % bovine serum 
albumin, Bachem, Ca) or a mixture of hPTHl-34 and test material, by continuous intravenous 
35 infusion via the venous catheter using an external syringe pump. The calcemic response of each 
rat is measured at two-hourly intervals during the infusion period of 6-8 hours. 
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■ ' Human ost^^astxe^QrptiQR.^n^radhesi^nr-Qsisays:; 1 ; . :• • /r 

- Pitiresorption and adhesion assays/have been .developed. and standardized using 
normal human osteoclasts derived from osteoclastoma tissue. -Assay ;1 was developed for 
the measurement of osteoclast- pit. volumes by laser confoca! microscopy-. Assay 2 was 
5 developed as a higher throughput screen in which collagen fragments (released during 
resorption) are measured by : co,mpetitve ELIS A. < A .-. > ju? i [• r 

• 'a- ' ' -i'' - f i r -I ;t.ff! r . t - - " ". * ;--. J -: J ^.v ... 

Assay 1 (using laser confocaJ^kroscopy) ,■»,- -; : h „ ■ ,; ( v • ,. ; " > 
i.f Aliquots of human; osteoclastorha-derived cell suspensions are removed from liquid 
1 0 nitrogen strorage, warmed rapidly, at 37flG and washed x I in RPMI- 1 640 medium by 

centrifugation (lOOOrpm, 5 mins at 4°C). 
» The medium is aspirated and replaced with murine anti-HLA-DR antibody then 

diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
' mixed frequently. , . ■■■■■ - . - ' .'i--. , , 

15 ..■ • , a The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
t i ,~ rpm, 5 mins^at 4°C) and the cells are then transferred^ a sterile 1 5 ml centrifuge tube. 
r The number of mononuclear cells areienumeraied in an improved Neubauer counting 
chamber; . .•.:.:&.;»;• ■ . ';'•:;<; ./ ;r i/ .:■ .■ ■ , •-■ i. 

-.' ; Sufficient magnetic; beads (5 / mononuclear ce!!), coated .with goat anti-mouse IgG 

20 .>* (Dynal, ; Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxidazide preservative). The medium is removed 
* ^immobilizing the beads on a magnet and is. replaced with fresh medium. 

• . The be ads ate, mixed wifhithe colls and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. ;1 

25 • . ..r .^The bead-coated cells are mimobH;zed on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 

• Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
This wash process is repeated xlO. The bead-coated cells are discarded, -r. >. 

•■: The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
30 ..' diacetaie to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
• • the sample to the chamber. >■',•', .' 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 1 0% fetal calf serum and 1 .7g/liter of sodium 
35 . bicarbonate; . i , , . . f ; r 

• 3ml aliquots of the cell suspension (per compound treatment) are decanted into 
15ml centrifuge tubes. The cells are pelleted by centrifugation. 
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• To each tube, 3ml of the^pproprimtfidonipO'U^t^atmcnt are>added '(diluted to 50 
uM in the. EMEM medium,). AJjjo induded are appropriate vehicle controls, a positive 

; control (anti-vitronec^in receptor murine monoclonal antibody [87MEM1 1 diluted to 
100 ug/mi);and?an rsotype control (IgG^ diluted to 100 ug/ml). The samples are 
5 ' incubatfed atS79G for3Q:mins. : 4 v -i m- 

• 0.5ml aliquots of the cells ar6 deeded ditto sterile dentine slices 1 in a 48-well plate 
and incubated at 37°C for 2 hours. Each treatment is screened in quadruplicate. 

• The slices are washed in six changes ©f^krWPBS*(10 ml / 'well in a 6-well plate) 
■ • v. and' then placed' intoiresh medium containing the Compound treatment or control 

10". ■ - samples' The'samples ares rncubated^at 37°C for 4S hours. 

Tartrate resistant acid phosphatase* (TRAP \ procedure, (selective stain for cells of the 
osteoclast lineage) : ; . ■ u> i » ' /-* • - .•" c -.. « v> : !" . *U' 

• The bone slices containing the attached osteoclasts are washed in phosphate 

1 5 buffered saline and fixed in 2%:gluteraldehyde (in 0.2M sodium! cacodylate) for 5 mins. 

• .• They are then washed in water and are incubated for 4rriinuie5 in TRAP buffer at 

37°C (0.5 mg/ml naphthol AS^-Bl phosphate dissolved in N,N-dimethylforrnamide and 
mixed with 0.25 M citrate buffer (pH 4.5), containing 10 mM sodium tartrate. 

• t Follov/lng a wash. in .cold .water the slices are-immersed irrcold^ acetate buffer (0:1 
20 j M, pH 6.2) containing 1 ;mg/ml?fast red garnet and incubated at 4°G for 4 minutes. * ' . 
• ■ v oi Excess buffer is aspirated;, and the slices are air dried following a wash in water. 

• * The TRAP positive. osteoclasts (brick ^ed/:purpie precipitate) areenumerated by 
T - . bright-field microscopy and are;then removed from the surface of the dentine by 

sonication. /; ?ui \: ■ ■ : . r * f 

25 : Pit volumes are determined using the<Nikon/Lascrtec ILM21 W?cdnfocal 

microscope.- *•;•' ; ■ ■ • " :.u^t/., v- ■ "\- •? un*-*- i I--.- y ' 

■}■'. «:. • » *v? 1 .> ir\*>' l: ■.* ' ^ *••»*> 

Assay 2 (using ah ELISA readout) .*•«**.., ; /> . , .-. . 

. The human osteoclasts are enriched and prepared for compound screening as 
30, : described in the initial 9 steps of Assay 1 . Fof clarity, these steps are repeated hereinbelow. 

• Aliquots of human osteoclastoma-derived ccll suspensions are removed from liquid 
nitrogen strorage, warmed rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°C). ' ■ \ ' 

o \ v . The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
35 diluted 1 :3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 

mixedjrequently. . 1 r ■ - : : 
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• The cells areiwashed x2 with eold JlPMIrl640 fol lowed. by centrifugation (1000 
rpm, 5 mins at 4°C) and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear cells are enumerated .in an improved Neubauer counting 
chamber. ; .■ . , : >, .. ;/ , E 

5 • Sufficient magnetic beads (5 / mononuclear cell), coated withgdatanti-mouse IgG 

(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes awayuhe toxic azide preservative): The medium is removed 
'! by immobilizing the beads on a; magnet and isireplaced with fresh medium: 

• The beads are mixed with the cells dhd the suspension is incubated for 30 mins on 
10 . v- ice.! The; suspension is mixed frequently. > . *v ,.ir,i' - ,v \b ■ a . : ' 

. ■» . .. The : b2ad-coated cells are immobilized on a magnet and the remaining 1 cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube, ■ 

• u.. Fresh, medium is added to: the 'bead-coated cells to dislodge any trapped osteoclasts. 
- : This wash process is repeated x JO. The bead-coated cells are discarded. 

15, • ... The viable osteoclasts are enumerated in a counting chamber, using fluorescein 

diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber:: > , ,v \ . , t • „ : 

• . The osteoclasts are pelleted by centrifugaticn and tne density adjusted to the 

: appropriate number in EMEM medium <the nun:ler of osteoclasts is variable from 
20 tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/l iter. of sodium 

bicarbonate^ »■ • * <. ■■■ * \ N\. 

In contrast to the method desribed above in Assay 1, the compounds are screened at 
4 doses to obtain an IG 5(J , as:outlined beiow: - f >-Ar ■ .* . 

• The osteoclast preparations are preineubated for 30 minutes at 37°C With test 
25' compound (4 doses) or controls. : - ■«>•.•. . -J 

• They are then seeded onto.bovi-ne cortical bone slices in wells of a 48-well tissue 
culture plate and are incubated for a further 2 hours at 37°C. - ■ 

• The bone slices arewashed in six changes of warm phosphate buffered saline 
(PBS), to remove non-adherent cells, and are then returned to wells of a 48 well plate 

30 containing fresh compound oreontrols. * • - ; 

• ' • . The tissue culture plate is then incubated for 48 hours at 37°C. *\ 

• The supernatants from each well are aspirated into individual tubes and are 
screened in a competitive ELISA that detects the c-telopeptide of type- 1 collagen which 
is released during the resorption process. This is a commercially available ELISA 

35 (Osteometer, Denmark) that contains a rabbit antibody that specifically reacts with an 8- 

amino acid sequence (Glu-Lys- Ala.His- Asp-Gly-Gly- Arg) that is present in the 
carboxy-terminal telopeptide of the a 1 -chain of type I collagen. The results are 
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expressed- as. % inhibiticn of reicpptibn e^rnpared to a vehicle control..- 

Human osteoclast adhesion assay • . ■ 

The human osteoclasts are enriched and prepared for compound screening as 
5 described above in the inital:9 steps of Assay 1 . For clarity, these steps are repeated 
hereinbelow- ' r r ■ y " ■ ■ ; ■; 

• • Aliquots of human. osteoclastoma-derived cell suspensions are removed from liquid 

nitrogen strorage, warmed rapidly at -379C. and washed \1 in RPMI-1640 medium by 
{ . centrifugation (lOOOrpnvS mins at 4PG).v . ; 1 \ , . ■ = 

1 0 • The medium is aspirated and replaced* withrhurine anti-HLA^DR antibody then 

diluted 1 :3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently- ; r i. .r , ; 

• . The cells are .washed x2 with cold RPMI- 1 640 followed by centrifugation ( 1 000 
rpm, 5 mins at 4°C) and the cells are then transferred to a sterile 15 ml centrifuge tube. 

15 The number of mononuclear cells are enumerated in ah improved Neubauer counting* 

chamber. • •■' ■ ; * * : ; * ' ? s r - * 

• Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
. (Dynal,,Great Neck, NY) are removed from their stqck:bottle and placed into 5 ml of 

r ; fresh medium (this washes mvay the toxic azide preset vative). The medium is removed — . 
20 i by immobilizing the beads on a magnet and is replaced with fresh-medium. 

• The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspensicn.is mixed frequently;. . r-; .'" \ r ? . > . 

• The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-ricb fraction) are decanted into a sterile 50 m) centrifuge tube. 

25 • Fresh medium is added to the bead-coated cells to dislodge *any trapped osteoclasts. 

This wash process is repeated xlO. The bead-coated cells are discarded! 

• The viable osteoclasts are enumerated in a counting chamber, .using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. *• • 

30 • The osteoclasts are pelleted by centrifugation and the density adjusted to the 

appropriate; number in EMEM medium (the number of osteoclasts is variable from 
,. turnqr to tumor), supplementediwith 10%. fetal calf serum and 1.7g/liter of sodium 
. . . bicarbonate; / i . * 

• • : Qsteoclastoma-derived osteoclasts are preincubated with compound (4 doses) or 
35 controls at 37°C for 30 minutes. • . ; 

• The cells are then seeded onto osteopontin-coated slides (human or rat .osteopontin, 
2. 5ug/ml) and incubated for 2 hours at 37°C ' 
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■ ! Non adherent cells are removed by washing the slides vigorously in phosphate 
f buffered saline and the cells remaining art the slides are fixed in acdtone. 
• The osteoclasts are stained for tartrate-resistant acid phosphatase 7 (TRAP), a 

selective marker for cells of this phenotype (see steps 15 -17), and are enumerated by 
5 light microscopy. The results are expressed as % inhibition of adhesion compared to a 

vehicle control. "* • : :,\< ;/ * 

Cell Adhesion Assay \r \ , 

Ceils and Cell Culture* ^ ^ > •■■<:< ; * .'. 

Human embryonic 'kidney cells ( HEK293 ceUs) were obtained from AT CC 
10 (Catalog No. CRL 1573). Cells were grown in Earl's minimal essential medium (EMEM) 
medium containing Earl's salts, 10% fetal bovine serum, 1% glutamine and 1% Penicillin- 
Steptomycin. 

Constructs and Transfections , 

' A 3.2.kb EeoRI-Kpnl fragment -cf the ot v subunit and a 2.4 kb Xbal- Xhcl fragment 
15 of the P3 subunit were inserted into the EcoRI - EcoRV cloning sites of the pCDN vector 
(Aiyar et ah, 1994 ) which contains a CMV promoter and a G4 18 selectable marker by 
blunt end ligation. For stable expression; 80 x 10 6 HEK 293 cells were electrotransformed 
i with c:v*(^3 construGts (2QijigONA of each subunit) using a Gene Pulser (Hehsley et al., 
1994 ) and plated in 100 mm plates (5xl0 5 cells/plate). After 48 hr, the growth medium 
20 , was supplemented with 450 p.g/mL Geneticin (G418 Sulfate, GIBCO-BRL, Bethesda, MD). 
The cells were maintained in selection medium until the colonies were large enough to be 
•-•assayed:: w ■ -: 1 \ 1 .»: :/ , ». . /■ • 

Immunocytochemicdi analysis of iransfected cells 

To cteternjune whether the HEK ^ 
25 receptor, the cells were immobilized on glass microscope slides by centrifugatiqn, fixed in 
acetone, for 2 min at room temperature and air dried. Specific reactivity with 23C6, a 
nionoclonal antibody specific for the GC V P3 complex was demonstrated using a standard 
indirect immunofluorescence method. 

30 Cell Adhesion Studies 

Corning 96- well ELISA plates were precoated overnight at 4°C with .OJ mL of 
human vitronectin (0.2 jig/mL in RPMI medium). At the time of the experiment, the plates 
were washed once with RPMI medium and blocked with 3.5% BSA in RPMI medium for 1 
hr at room temperature. Transfected 293 cells were resuspended in RPMI medium, 
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supplemented, with 20 mM,Hf,pesvpHu7^4/artd.0.1 l %;BSA at a density of 0.5 x 10 6 cells/mL. 
0.1 mL ojvcell suspension was added to each well and incubated fonrl. hr at 37°C, in the 
presence or absence of, various FoJ lowing incubation, 0.025 mL of a 

10% formaldehyde solution, pH 7.4, was added and the cells were fixed at room 

5 temperature for 10 min. The plates, were washed 3 times with 0.2 mL of RPMI medium 
and the adherent cells were stained with 0.1 mL of 0.5% toluidine blue for 20 min at room 
temperature. Excess stain was removed by extensive washing withdeionized water. The 
toluidine blue incorporated into cells was eluted by the addition of 0.1 mL of 50% ethanol 
containing 50 mM HC1. Cell adhesion was quantitated at an optical density of 600 nm on a 

10 microtiter plate reader (Titertek Multiskan MC, Sterling, V A). . , < . 

Solid-Phase cXyPs Binding Assay: 

The vitronectin receptor a v Ps was purified from human placenta. Receptor 
preparation was diluted with 50 mM Tris-HCl, pH 7.5, 100 mM Nadi; I rriM CaC^, 1 mM 

15 MnGl2, 1 mM MgCl2 (buffer A) and>was immediately added to 96-well ELISA plates at 0.1 
ml per well. 0. 1-0.2 (jg of a v p3 w^s added per well. The plates were incubated overnight at 
4°C. At the time of the experiment, the wells were washed once with buffer A and were 
r . incubated -with 0. 1 ml of 3,5%, bdvinevserurrj alburrjin in the same buffer for-l hr at room 
, temperature.. Following incubation the weils wercadpiratedf completely and washed twice 

20 with 0.2 ml buffer A. j, .» , .<«..» ; ,i ^ 

In a [ 3 H]-SK&F- 107260 competition assays various concentrations of unlabeled . 
antagonists (0.00 1 - 1 00 jjM) were added to the wells, followed by the addition of 5.0 nM of 
[ 3 H|-SK&F- 107260. The plates were incubated for 1 hr at room temperature. Following 
incubation the wells were aspirated completely and washed opce with 0.2 ml of ice cold 

25 buffer A in a well-to- well fashion. The receptors were solubilized with 0.1 ml of 1% SDS 
and the bound [ 3 H]-SK&F-1 07260 w&s determined by liqUid scintillation counting with the 
addition of 3 ml Ready Safe in a Betkman LS 6800i LkjUid Scintillation Counter, with 40% 
efficiency; Nbnspecific binding of [ 3 H]-SK&F-i 07260 was determined in the presence of 2 
pM SK&F-107260 and was consistently less than 1% of total radioligand input. The IC50 

30 (concentration of the antagonist to inhibit 50% binding of [ 3 H]-SK&F- 107260) Was 

determined by a nonlinear, least squares curve-fitting routine, which was modified from the 
LUNDON-2 program. The K\ (dissociation constant of the antagonist) was calculated 
according to Cheng and Prusoff equation: K\ = IC50/ (1 + L/K<j), where L and were the 

concentration and the dissociation constant of [ 3 H]-SK&F- 107260, respectively. 

35 i ... . . - - ' 
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• Inhibition. of RGD^mediated .GPIIb-IlIa binding i . . 

■■■«.!..'•■■ ; /.:*. "ji .''J :« "i.i-.-. ,fJ ) .11 -.'ivJii: ;.. ).-•-:, ; I •/ : - , 

Purification of GPIIb-IIIa' ,< * ; ;-. -\ a ■■ . ;.M.>i - .1 s 

n Ten units of outdated, washed human platelets (obtained from Red Cross) were 

5 lyzed by gentle stirring in 3% octylglucoside, 20 mM Tris-HCl, pH 7.4, 140 mM NaCl, 2 
mM CaCl2 at 4°C for 2 h. The lysate was centrifuged at 100,000g for Mi. j The supernatant 
. obtained was applied to a 5 ml lentil leclinisepharose 4B column (E.Yv Labs) 
preequilibrated with 20 mMiTris-fHGl.ipH 7.4/100 mM NaGl, 2 mM -CaCly, 1% 
octylglucoside (buffer A); After 2 h incubation, the column was washed with. 50 mL cold 
1 0 buffer A. The lcctin-retained 1 GPIIb-IIIa was'eluted with' buffer A containing 1 0% dextrose. 
All procedures were performed at A°C: -The"* GPIIb-IIIa obtained was >95% pure as* shown 
by SDS polyacrylamide gerelectrophoresisi ; • j r f - 

Incorporation of GPIIb-IIIa in Liposomes. - f * f v : ^ v 

15 A mixture of phosphatidylserine (70%) atrd phospjhatidylcholine (30%) (Avanti 

Polar Lipids) were dried to the walls of a glass tube under a stream of nitrogen. Purified 
GPIIb-IIIa was diluted to a final concentration of 0.5 mg/mL and mixed with the 
phospholipids in. a protein :phospholiprd ratio of 1:3 (w:w). The mixture was resuspended 
.* i ' end sonicated in a bath^onicatcr for 5 min;/ The mixture was then dialyzed overnight using 
20 1 2,000- 1 4,000' molecul ar«weight cutoff dialysis tubing against a -1 GOO- fold excess of 50 
mM Tris-HCl, pH 7.4, 100 mM NaCl, 2 mM CaC12 (with 2 changes). The GPIIb-IIIa- 
containing liposomes wee centrifuged at 12,000g for 15min and resuspended in the dialysis 
buffer at a final protein concentration of approximately i mg/mL; The liposomes were 
stored at ^70C until needed: j; ? ? v >-\ > i: - -L • . ; - 

25 

Competitive Binding to GPIIb-IIIa 

The binding to the fibrinogen receptor (GPIIb-IIIa) was assayed by an indirect 
competitive binding method using [ 3 H1-SK&F- 107260 as an RGD-type ligand. The 
binding assay was performed in a 96-well filtration plate assembly (Millipore Corporation, 

30 Bedford, MA) using 0.22 um hydrophilic durapore membranes. The wells were precoated 
with 0.2 mL of 10 pg/mL polylysine (Sigma Chemical Co., St. Louis, MO.) at room 
temperature for 1 h to block nonspecific binding. Various concentrations of unlabeled 
benzazepines were added to the wells in quadruplicate. [ 3 H]-SK&F- 107260 was applied to 
each well at a final concentration of 4.5 nM, followed by the addition of 1 pg of the purified 

35 platelet GPIIb-IIla-containing liposomes. The mixtures were incubated for 1 h at room 

temperature. The GPIIb-IIIa-bound [3H]-SK&F- 107260 was seperated from the unbound 
by filtration using a Millipore filtration manifold, followed by washing with ice-cold buffer 
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(2 times, each (fc2vmli). ©CuVyiradieaatitoityiF^ was counted in 1 .5 mL 

Ready Solve (Beckman Instruments, Fullerton, CA) in a Beckman Liquid Scintillation 
Counter (Model LS6800), with 40% efficiency. Nonspecific binding was determined in the 
presence of .'2'jiM* unlabeled SK&F- 107260 and' was consistently tess than 0.14% of the 

5 ' total radioactivity added to the samples. All data points are the mean of quadruplicate 
determinations. ■*»; f V ;■ i . / / v i 

Gdmrpetition bindingidata wiere analyzed by a nonlinear least-squares curve fitting 
procedure. This method provides the IC50 bf ;tHe>antagonists (concentration iof the 
t antagonist which; inhibits specific binding oC;[3H]-SK&£?- 107260 by ,50% at equilibrium). 

10 The IG50. is. related to the? equilibrium dissociattonfCdnstant (Ki) of/the antagonist based on 
the Cheng, and Prusoff equation:- ;Ki =± IC5jO/(l+I^Kd)v:where-L*is?the«oncentrati9h'0f [3H]- 
SK&F-107260 used in the competitive binding assay:(4:5 nM);: and Kdd§ the dissociation 
constant of [3H]-SK&F- 107260 which is 4.5 nM as determined by Scatchard analysis. 

Preferred compounds of this invention have an affinity fcfithe vitronectin receptor 

15 relative to the fibrinogen receptor of greater than. 10: A. , Most preferred compounds have a 
ratio of activity of greater than 100:1. , . , . y 

- The efficacy of the compounds of formula (I) alope. or in combination with an 

antineoplastic agent may be determined using several -transplantable mouse tumor models. 
20 See U. S. Patent Nds. 5,004,758 and 5,633,016 for details of these models : . ■.*-■».:.. 

The examples which follow are intended in no j way tclimit therscopeof this 
invention, but are provided to.illustrate how to make and use the compounds of this 
invention. Many other embodiments will be readily apparent to those skilled in the art. 
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; , EXAMPLES 
.. . _ • ■ ■ ; General , ■.. • > .-, ' jr\ z ' ■'■ -1 ■■ 

5 Proton nuclear magnetic resonance *(\H NMR) spectra were recorded at either 250 

or 400 MHz. Chemical shifts are : reported in parts per million (8) downfield from the 
' internal standard tetramethylsilane ,(TMS). Abbreviations for NMR, data are as follows: 
s=singlet/d~doublet,.tf;triplet, q=quartet, m-muk;plet, dd=dcubletpf doublets, dt^doublet 
of .triplets, app=apparent> br=broad. J indicates the NMR coupling constant measured in 

1 0 Hertz. CDC! 3 is deuteriochlproform, DMSO-d6 is hexadeuteriodimethylsulfoxide, and 
CD3OD is tetradeuteriomethanoL Infrared (IR),spectra were recorded in transmission 
mode, and band positions are reported inan verse way enumbers (cm" \). , Mass spectra were 
, obtained using electrospray (ES) or FAB ionization techniques. Elemental analyses were 
performed; either in-house or by Quantitative Technologies Inc;, Whitehouse, NJ. Melting 

1 5 points were taken on a Thomas-Hoover melting point apparatus and are uncorrected. All 
temperatures are reported in degrees Celsius. Analtech Silica Gel GF and E. Merck Silica 
Gel 60 F-254 thin layer plates were used for thin layer chromatography. Both flash and 
gravity chromatography were carried out on E. Merck Kieselgel 60 (230-400 mesh) silica 
gel. Analytical and.pre?^^^ . 

20 chromatographs. ODS refers to an octadecylsilyl derivatized silica gel chromatographic 
support. 5 u Apex-ODS indicates an octadecylsilyl derivatized silica gel chromatographic 
suppprt. having a, nominal particle size 4 of 5 u, rnade;by Jones Chromatography, Littleton, 
Colorado. YMC ODS-AQ®. is an ODS chromatographic support and is a registered 
.,: trademark of YMC Go. Ltd., .Kyoto, Japan, PRP-1® is a polymeric (styrene- , ,. 

25 divinylbenzene) chrqniatogr^phic support, and js a registered trademark of Hamilton Co., 
Reno, ; Nevada. Celite® is; a f ilter aid, composed of acid-washed diatomaceous silica, and is 
a registered trademark- of Many ille Corp., Denver,; Colorado. 

1 . Ethy 1 (±> 10,1 1 -dihydro-3-methoxy-5H-dibenzo[a,d]cycloheptene- 1 0-acetate, ethyl 
(±)-10,l l-dihydro-3-hydroxy-5H-dibenzofa,d]cycloheptene-10>acetate, and ethyl (±)- 

30 10,11 -dihydro-3-(trifluor;omethanesulfony!oxy>5H-dibenzo| a,d]cycloheptene- 1 0-acetate 
were prepared according to WO 9701 540- A i . 2-[2-(4TMethoxybenzylamino)pyridin-6- 
yljethanolwas prepared according to WO 95/32710. 6-MethoxyTl-indanone was prepared 
by the method of House and Hudson (J. Org. Chem. 1970, 55, 647). 
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* Preparation 1 

Preparation of 2"l(3-hvdroxv-l-propvl)ainino1pvridine-N-oxide 

5 a) ^-[(S-Hydroxy-l-propyOaminbJpyriciine-N-oxide 

A mixture of2'-chlcrbpyridih^^-6xide , ' : hydrochl6rtde (16.6 g, 0.1 mole), 3-amino- 
1-proparibl (15.3 mL; 0:2 mole), NaHCC>3 (42 g- 0.5 mole); and teft-aniyl alcohol (100 mL) 
was heated to reflux. After 21-hr*, the reaction was cooled, diluted with CH2CI2 (300 mL), 
: and suction filtered to remove insoluble* materials; The filtrate was concentrated and 
10 reconceritrated from toluene 16 leave a yellow oil. Silica gel chromatography (20% 
MeOH/CHC^) gave the citie compound (15162 g, 93%) as a yellow solid: TLC (20% 
MeOH/CHCl 3 ) ; R f 0.48; 1 H NMR (250, CDCI3) 5 8.07 (dd, J = 6.6,' 1.2 Hz, 1 H), 7.34 (br t, 
' 1 H), 7.10- 7:30-{m, 1 H), 6.64 (dd, J = 8:5, 1,4 Hz', 1 H), 6.40 - 6.60 (m; 1 H); 4.49 (br s, 1 
H), 3.65 - 3.90 (m; 2 H), 3.35 - 3.60 (m, 2 H), 1:75 - 2.00 (m, 2H); MS'(ES) mVe169 (M+ 
15; H)+ < ■ ■= ' -v.'.i 1 ' ' Mr> ur> o ;,<;r . 

- Preparation 2 ' " . f ? f 

Preparation of 2"l(3^hydroXv- l-prGpvi)amino1^n * : 
20 ; '• - " : : <* f - '^-.v,. > > L 

a) 2-Chloro-4-nitropyridine-N-oxide . ■'*' '-■""•-•«■ ... " : - «' 

A solution of cone. H2SO4 (30 mL) and fuming HNO3 (54 mL) was added 
dropwise at 0°G to a solution of 2-chldY6pyridine-N-oxide hydrochloride (15.2 g, 91.56 
mmole) in cone. H^SO^SO mL). The reaction mixture was heated at 90°G for 1 hr, then 
25 was cooJed to RT and poured onto ice' (500 g).~ The reaction mixtur^ Was kept at'RT 
overnight, then was cooled in an ice bath,' arid 50% NaDH was added slbWly to give a 
precipitate. This was collected and dried to give the title compound (5.88'g, 37 %) as a 
■ -pale yellow solid: ] H NMR (400 MHz, GDCI3) 8 8.42 - 8.37 (m, 2 H)V8.06 -8.04 (m, 1 H). 

30 ' a) 2-r(3-Hydroxy-l-propyl)amino]-4-nilropyridine-N-oxide 

According to the procedure of Preparation 1 , except substituting -2-chlorb-4- 
j nitropyridine-N-oxide for the 2-chloropyridine-N-oxide hydrochloride, the title compound 
was obtained as yellow powder following silica gel chromatography (1:9 MeOH/CH2Cl2). 
Recrystallization from MeOH/CH2Cl2/Et20 gave the title compound: MS (ES) 214.1 
35 (M+H)+ 
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- : r :? Preparation 3 

Preparation of 2-l(3-hvdroxv-l-propYl)amino]r4-me ■ . .. 

5 a) 2-ChIoro-4~methylpyridine *•):-?!« ; „ . ^.^.W * 

Sodium nitrite (13.88 gi 200 <mmple),was added islowly^at 0 P G to a solution of 2- 
aminor4-piaoline (1 5.0 g,. 139Jmiridjfe)'jn cctac* KC1 >(200 mL). . The reaction mixture was 
allowed to;wanm to RT and v/as stirred) f or A 6; hr, then f was poured onto ice (500 g). The pH 
. v was adjusted to S.0: with conci NH^Hiand the mixture was extracted with ether (3 x 300 
10 . mL). The combined ether layers were washed sequentially with H2O (2 x 200 mL) and' 
; 5 briner(200 mL). ; Drying (MgSO^). and concentration gave the title compound (1G.3 g, 58%) 
as aifaintly {yellow oil;: MS.(ES) m/e 127.8 (M + H)"*Y. -• . • ^ 

b) 2-Chloro-4-methylpyridine-N-oxide hydrochloride 

1 5 A mixture of 2-chloro-4rmethylpyridine(10.0 g, 78.3 mmole) and 34% peracetic 

• acid (76.05 g, 91.0 mmole) in glacial Ac0H (10 mL) was heated at 70°C for 3 hr. The 

reaction mixture was cooled, <conc. HG1 (35 mL) was: added, and the mixture was 
. concentrated onithe rotayap:. RecfystaHisation-from n-butaiioLfollowed by trituration with 
. ether gaveLth'a title compound (7U6 :g,61i%) asva-white solid: . MS' (ES^m/'e 143.9 (M + 

20 : H) + : :i ; i : . --i^m.! •> •■/ :. .-.:=• - •■ .< ... ■ 

c) .-2-[(3-Hydr6xy-l-prop^ 

i . : : A mixture a£ 2^chloro-4-methyipyn g, 39 

i mmole)p3-aminopropanoi (6.01 tg, 80 mmole)/ and NaHC0>3 (16.8<g, 200 mmole) in tert- 
25 M amyl alcohol (50 mL) was heated at reflux for 19 hr. The reaction mixture was diluted with 
. CH2CI2 (200 rnL) and filtered; and the filtrate was concentrated on the rotavap. 
Recrystallization from CH2Cl2/Et20 gave the title compound (5.41 g, 75%) as a yellow 
solid: TLC (15% MeOH/CH 2 Cl 2 ) Rf 0.44; ! H NMR (400, CDCI3) 8 7.92 (d, J = 6.7, 1 H), 
7.28 (br t, 1 H), 6.43 (s, 1 H), 633 (ddyJ = 6:6, 2.1. Hz, I H), 3.73 (t, J=5:7, Hz, 2 H), 3.47 
30 (q, H=6.3 Hz, 2H), 2>29 (s, 3 H), 1 .82 - 1.88 (m, 2 H); MS (ES) m/e 183 (M+ H)+ 
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' ^. Preparation 4 

Preparation^of 6-(methviamin6))T2^pvridYlethanQl s : \ f .\ v~ ;.r, -■ i . 

5 a) 2-(fer/-Butoxycarbonylamino)-6-picoline ^ 

A.so]utionof'2^amiho.-6*pi^ 200' mmole) and di-rk/7-butyl 

dicarbonate (52.38 g, 240imfriole r )Mri GHgCl^^OO-mL) was concentrated on the rotavap at 
50°C, and the resulting nesidue/was aitoivedtio rotate x>n the rotavap at 50?C under vacuum. 
Aften21 .5-hr, the reactio^wa&diluted i With. hexaneis;'(400'-mH).and fihefed through silica gel 
10; (hfcxanefc followed by»20%Et©Ac/hexanes)v Concentration- left-the title compound (41.84 
. g, quantitative)- as>a flight yellow oil which gradually scrffdified on standing: • \ H NMR (250 
MHz, CDCI3) 5 7.71 (d, J = 8.3: Hz, I H); 7.40 ^3.65 (m,: 2 H)i6.80 (dvJ =± 7/5 Hz, 1 H), 
2.43 (s, 3 H), 1 .50 (s, 9 H); MS (ES) m/e 153 (M + H - C 4 Hg)+ 

ih<i»-.i.o7*>. i ..;//.••■ jf:li. : *v-'V "--->v - " i 

15 b) 2-[(r<?rr-Butoxycarbonyl)m , etHylamino]-6-prcoline v - - 

* NaH (60% in mineral oil, 3i60 g,90> mmole)- was added in portions over several 
min to a soimion-of:2T(rerirbutoxycafbonyiamino)^6-picoline^(15:6 g^Srnmole) and 
iodomethane:(9:3mL, liSOirtimote): injanfcydrous'DMSOi^'.ml^-'atril 5£©<Gool-water bath). 
« The internal temperature rose rtd 35?Gu When gaisievblution^had subsided^ the cool water 
20 bath was removed and the reaction was allowed to stir at RT. After 0.5 hr, the dark yellow 
mixture was poured onto ice/H20 (300 mL) and extracted with Et20 (3 x 300 mL). The 
combined organic layers were washed sequentially with H2O (2 x 75 mL) and brine (75 
mL), Drying (MgSC^} and concentration* left a yellow c>il:which was chromatographed on 
silica gel (7% EtOAc/hexanes)i The title compound ( 1 3.01 ;-£;>78%) was obtained as a 
25 faintly yellow oil: )H NMR (250MHz, GDCI3) 5 7.5-1 (app t, 3;H)f 7;3? ; (dM~ 8;2.Hzi 1 

H), 6.86 (d, J = 7.2 Hz, 1 H), 3:38 (s,3«)u2i49^(^ 3'H);:iv5Q^s, 9«);MS (ES) m/e 223 (M 
<■ + H)+. • • , . - >U ■ > - . 1 1 — ; -iiu ■.. • < 

c):.Ethyl-6-[(/er^butoxycarbonyl)methylamino]-2-pyridylacetate 
30 ' ' LDA was prepared at 0°C under argon from diisopropylamine.(19.5 rriL, 139.14 

mmole) and 2.5 M n-BuLi in hexanes (46.4 mL, 1 15.95 mmole) in dry THF (350 mL). 

This solution was cooled to -78°C and a solution of 2-[(rer/-butoxycarbdnyl)methylamino]- 

6-picoline (10.31 g, 46.38 mmole) in dry THF (46 mL) was added dropwise over 10 min. 

Additional dry THF (2 mL) was used in transfer. The orange solution was stirred at -78°C 
35 for 15 min, then diethyl carbonate (6.2 mL, 51.02 mmole) was added rapidly. The red 

solution was stirred at -78°C for 15 min, then was quenched with half-saturated NH4CI 

(175 mL). The mixture was warmed to +5°C and extracted with EtOAc (175 mL) then with 
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CH2CI2 (2 x 100 mL). The combined organics were washed with brine (100 mL). dried 
(MgSC>4), and concentrated. The cloudy yellow oil was chromatographed on silica gel 
(15% EtOAc/hexanes) to afford the title compound (10.72 g, 79%) as : a light yellow oil: 
NMR (250 MHz, CDC1 3 ) 8 7.51 -7.63 (m, 2 H), 6.91 -7.03 (m, 1 H) f 4.19 (q. J = 7.1 
5 Hz, 2 H), 3.77 (s, 2 H), 3.38 (s, 3 H), 1.27 (t, J = 7:1, Hz, 3 H),,1.51 : (s, 9 H); MS (ES) m/e 
. 295 (M + H)+. . )h ,^ < y \ ■■ t : j • 

d) .EthyJ-6 r (methyJamino)-2-pyridylacetate., 1: / t , ;J , jn 

A solution of- ^ethyl-,6-[(^r/-butQxycarbonyl)methy laminoj-2-pyridylacetate ( 1 0.72 
10 g, 36.42 mmole) in anhydrous dioxane (91 mL) was cooled to the point of partial 

crystallization of the solvent, and 4 M HCl/dioxane, (91 mL, 364.2 mmole) was added. The 
solution was warmed; to RT and stirred for 17 hr, then was concentrated. The resulting light 
yellpw solid was .slurried with CH 2 Cl 2 /toluene and reconcentrated to leave-tbe title 
compound )(8.48[g, r quantitative), as a light yellow powder: -.,'H NMR (250 MHz, CD3OD) 8 
15 -7 : 84(dd,J= 9.0, ? 7.2;Hz,.l H), 6.96 (d, J = 9.0. Hz, 1, H), 6.78 (d, J = 7,2 Hz, 1 H), 4.22 (q, J 
= 7.1 Hz, 2,H),:3.93,(s, 2 H), 3.05 (s, 3 H), 1.27 (t, J = 7, J Hz, 3 H); MS (ES) m/e 195 (M + 

~5 Vu-* • "l.. i! • .. »' >«• ' 

e) 6-(Methylamino)-2-pyridylethanol 

20 A solution of 1.0 M LL^lH^jnTHF (95 mL, 95 mmole) was added dropwise to a 

mechanically stirred suspension of ethyl-2-(methylamino)-6-pyridylacetate (7.34 g, 31.82 
mmole) in dry THF (64 mL) at 0°C under argon. The. addition was done slowly until gas 
evolution subsided, then the remaining solution was added rapidly. Addition required 5-7 
min. The reaction was warmed to RT and stirred for 45. nun- then was heated to reflux. 

25 After 4 0* min, the reaction was copled to OX and worked up by sequential dropwise 

; addition, of -H 2 Q (3.6.mb), ,15^NaOH,(3.6 : mL), and.H 2 O.(!0.8 mL). The mixture was 
stirred for 15 min at 0°G and 15 min at RT, then was filtered through a Buchner funnel. 
The filter pad was washed with plenty of THF, and the filtrate was concentrated. The 
residue was reconcentrated from toluene, then was chromatographed on silica gel (5% 

30 MeOH in 1: 1 EtOAc/CHCl 3 ) to afford the title compound (3.23 g, 67%) as a yellow oil 

which solidified to a waxy solid: l U NMR (250 MHz, CDCI3) 5 7.36 (dd, J = 8:3, 7.3 Hz, 
1 H), 6.42 (d, J = 7.3 Hz, 1 H), 6.26 (d, J = 8.3 Hz, 1 H), 4.93 - 5.28 (m, 1 H), 4.38 - 4.60 
(m, 1 H), 3.96 (t, J = 5.4 Hz, 2 H), 2.90 (d, J = 5.2 Hz, 3 H), 2.84 (t, J = 5.4 Hz, 2 H); MS 
(ES) m/c 153 (M + H)+ 

35 
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Preparation of 2-(ethvlarriiho)~4>thia^61eethanol 

5 a) Ethyl 2-acetyla~mino-4-thiazoleacetate 

Ethyl 2-amino-4-thiazoleacetate (3.72 g, 20 mmole) was taken up in acetic acid (4 
mL) and acetic anhydride (4 mL), and the resulting suspension was heated at reflux for 3 
hr. Concentration and flash chromatography on silica gel (5% MeOH/CF^H^) gave the 
title compound (4.1 g, 91 %') as a w h i te' sbl id : ' MS (ES ) We 229 (M + H) 4 - 

J b) 2-(Ethylamino)^4-thiaz61eethahol 1 - ' . ,;,t ' % 

To a Stirred solution of 1.0 M L1AIH4 in THF ( 1 79 mL, 1 79 mmole) was added 
dropwise a solution of ethyl 2-acetylarnino-4-thiazoleacetate (4;4 g .17.9* nrimole) in THF 
(50 mL). AfteHcomplete addition/ the reaction mixture wa£ heated at reflux for 3 hr, then 
15 was worked up by sequential addition of H 2 0 (0.7 rhL); 10% NaOH (0:7 mL), and H 2 0 : 
' (2:1 mL). The resulting mixture was filtered through celite® arid the filtrate was 

concentrated. Purification by flash chromatography on silica gel (5% MeOH/CH^F^) gave 
the title compound (1 .6 g, 53%) as an amber oil: MS (ES) m/e 173 (M + H)+ 

20 ■ < ■ :r : Preparation -'g -- ! ' ; 

Preparation of 6-amino-2-pvridvlethanol - : > " - : •' 1 ' " ' • J 1 

. .. r - •> ..jV. ■• .. 5-' v .-.j!. -.-f-rr. • c : • ■'■.,:-]! > 

' * a) 6-Arriin6-2-pyridylethanbl - ,; : J "" <'■'■:- ^ ^'j* ! »■• -<<■ 

25 A solution of 2;[2-(4-methoxybeTizyiato 

mmole), prepared according to the' proceduVe^bf WO 95/32710, in 6 N HCI was heated at 
60°C. After 16 hr; the reaction was concentrated 1 in vacWum and the residue was made 
basic with dry KOH. The resulting mixture was extracted with MeOH, and the MeOH 
extracts- were dried (MgS04) and concentrated! Flash chromatography on silica gel (5% 

30 MeOH/CH^H^) gave the title -compound (0.2 gi 40%) as a pale yellow oil: MS (ES) m/e 
139(M+ k H)+. ;: • '' ; 
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! •'• i LO.".'f <r Preparation 7 ' - 1 bJ.^ l.v ■. 

Preparation of 3-(4-nitrobenzvloxvcarbonvlamino)-l-propanol 

5 a) 3-(4-Nitrobenzyloxycarbonyl)amino-l-propanol 

.To a suspension stirred ander argon at room temperature; of 4-nitrbbenzyl 
ehloroformate (:5 g; 23 mmol);and treethylarrrine (6.4' mL, 46 nimol) in THF (25 mL) was 
, added 3-amino-l -propanoic 1.9 mL, 26 mmol). The 1 resulting mixture was stirred for 72 hr, 
then was concentrated. The residue was purified by ''chromatography' on silica gel (0.5 - 2% 
10 . . MeOH/CH-?Gl2) to givethe title compound (2 g, 34%) as a^palb yellow oil: MS>(ES) 255.3 
" <(M+H)+. / - ir i-> : • ■ ■• • .. . », ■ : - ' : r: :-. ■ .. . ■ 

- -> •'■ : - Preparation 8 : ' • ' 

1 5 Preparation of l-l(3-hvdroxv-l-propv0amino1isoquinolins-N-oxide 

a) 1-Chloroisoquinoline N-oxide. \, 

1-Aminoisoquinoline N-oxide hydrochloride (Deady, L. W. Synthetic 
Gommimications ^ using 
20 potassium nitrite and cone. HC1 according to the general method described in the literature 
(Brown, E. V. J. Amer, Chem. Soc. 1957, 79, 3565-3566): The title compound was 
prepared as a light brown solid: MS <ES) m/e 179.9 (M + H)+. " 
t l . ' ' > : .'}• : .r:-. V?. ...... ; v ■ . • ... 

■ • b) M(3 ^Hydroxy- 1-propyO 
25 :.. ; According to the procedure of Preparation 1 (a), except substituting 1- 

ehloroiscquinoline N-oxide for the 2-chloropyridine-N-oxide hydrochloride, the title 
• i • i • i compound was prepared as an amber solid: MS (ES>iii/e 219. 1 (M + H)+. 

• v.. Preparation 9 ; ^ • . ; . ; 

30 . . . . ' ... ■ ■ - • • ■ . ■ ■ ■ * • • • r • 

Preparatibn of 2-IN-(3-methanesulfonyloxy-l-propvO-N-(tert- * « - 

■ butoxvcarbonyl)aminolpvridine-N-oxide 

a) 2-[N-(3-Hydroxy-l-propyl)-"N-(rerr-butbxycarboriyl)amino]pyridine-N-oxide 
35 A solution of 2-[(3-hydroxy-l-propyl)aminoJpyridine-N-dxide (8.0 g, 47.6 mmol) 

in tert-BuOH (80 mL) was treated with di-ferr-butyl dicarbonate (1 1.4 g, 55.3 mmol). 
After 18h, the solution was concentrated and the residue was triturated with hexane. The 
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resulting solid was dried in vacuo^pigive the title compound (12.5 g, 98%) as an off-white 
solid: MS (ES) m/e 269.3 (M + H)+ 

b) 2-[N-(3-Methanesulfonyloxy-l-propyl)-N-(ferf-butoxycarbonyl)arnino]pyridine-N^ 
5 oxide , 

y MpthancsulfentyJ cfelopide (0. 17 mL, 2.20-rnmole) was added dropwise to a solution 
of 2-[N-(3-hydroxy-l-propyO-N-^ (0,50 g, 

: 1.86 mmole) and pyridine !(0,23 nfiL, 2i84 mmole)an CHCI3 (5 mL, dried over K2CO3) at 
0°C. When complete by.JLjG^tbe reaction was diluted with CHGI3V washed with ice water, 
10 dried (Na2S04), and concentrated. Silica :gel chromatography (10% MeOH/CHGl^) gave 
the title compound (0.41 g, 64%) as a colorless oil: ] H NMR (250 MHz, CDCl3)'8 8.25 
(dd, J = 6.0, 1 .9 Hz, 1 H), 7.25 (m, 4 H), 4.35 (t, J = 6.2 Hz, 2 H), 3.75 (t, J = 6.6 Hz, 2 H), 
3.00 (s, 3 H), 2.00 (m, 2 H), 1 .40 (s„9 H). Unchanged 2-[N-(3-hydroxy-l-propyl)-N-(terr- 
butoxycarbonyl)amino]pyridine-N-oxide (0.18 g, 36%) could also be recovered from the 
15 chromatographic purification. / •■ f ^ < 

Preparation 10 • «■■ • . 

Preparation ofjgthy L (±)iIMllz^^ 

a) 6-Methoxy-l -phenyl indene ; ^ - , . . 

A solution of 3,0 M phenylmagnesium bromide in Et20 (680 mL, 2:04 mole) under 
argon at ambient temperature was diluted with Et20 (700 mL) with stirring, and a solution 
of 6-methoxy-l-indanone (277. g, 1.71; mol^) in THP (-1400 mL) was added dropwise over 1 

25 hr. The reaction mixture was stirred for 2 hiat ambient temperature, and then was poured ~~ 
with stirring into saturated NH4CI (2.8 iL>. H2O (L4 L) was added, and the organic phase 
separated. The aqueous phase was extracted with EI2O (2 x-1 L)< and.the combined organic 
extracts were concentrated to give crude 6-methoxy-l -phenyl- 1-indanol (445 g) as a brown 
oil. This oil was dissolved in toluene (2.5 L), and /?-toluenesulfonic acid monohydrate 

30 (12.3 g, 0.065 mole) was added. The solution was stirred and heated at reflux for 16 hr 
using a Dean-Stark trap with a condenser. H2O; collection was minimal after 2 h and 
totaled 28 mL. The solution was cooled and extracted; sequentially with 5 % aqueous 
Na2CC>3 (1 L) and H2O (2 x 1 L). The organic layer was concentrated to give a dark 
brown oil (400 g). This oil was distilled under vacuum to give the title compound (298.2 g, 

35 79%) as a yellow oil: bp 152 - 190°C/2:0Torr; TLC (10% EtOAc/hexanes) R f 0.75. 
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!b) 2-Benzoyl-4-methoxyphenylageticiacid ^ , . •■». / .-. , ; r, m.. 

Acetone (4.2 L) waschilled to 10°CWand ai:solution,of.6-methoxy^r-phenylindene 
(27 1 g, 1 .22, mole)? in acetone (1 .8 L) was added over ;l .5, hr concurrently with Jones reagent 
(1.8 L, prepared from CrQ 3 (470 g, 4,70 mole), H 2 0 (1 fc),:and cone H 2 SQ 4 (405 mL)). 4 
5 % Aqueous OSO4XI53 mL) was added to the resulting mixture in two portions, one at the 
onset of addition and the second at the mid-point of the addition, maintaining the 
temperature of the reaction mixture below. i:5°C Following the addition; the reaction 
mixture was warmed to 22°C and stirred for. 1:5 h,; during which time a mild exotherm 
increased the temperature, to 28°C. . The reaction mixture was then cooled to below 20°C 
10 and isopropanol (1 L) was added, dropwise initially and rapidly after the? initial exotherm 
diminished. Stirring became difficult during this phase. The temperature reached 32°C 
during the isopropanol addition. H 2 0 (2 L) was; added and the mixture was transferred to a 
separatory funnel. Additional H 2 0 was added to dissolve the precipitated chromous acid, 
and the mixture wasjextraeted with CH 2 Cl 2 ,(2 l L). The organic (upper) layer was separated 
15 and the aqueous phase. was extracted with GH 2 C1 2 (2 x 1 L).: The combined CH 2 C1 2 

extracts were= washed sequentially with H 2 0 (2 L) and saturated brine (2 L), and then were 
concentrated to give a moistigray solid (416 g). This was triturated with-a mixture of 
acetone and EtQAcjand jiltecedi and drieditoi give the title compound {225.4 g, 71%) as an 
,off-w t hite|solid:; mp,158^159?C < rr > . ■ . : . 

. c) 2-Benzyl-4-methoxyphenylacetic acid ■< ■ , : . 

2-Beiizoyl-4-methoxyphenylacetic acid (215.5 g; 0.80 mole) was divided into two 
equal portions, and ea:ch. jwas dissolved; in glacial AcOH (1.5 L) in a 2.5 L pressure bottle. 5 
% Pd/G 4 10 g, 0.0048 mole) was, added taeach; and each mixture was shaken at ambient 
25 temperature under hydrogen on a Parr; apparatus. After 2.5 hr, the mixtures were filtered to 
remove the catalyst, and the filter pads were washed with EtOAc. The combined filtrates 
. were concentrated to give the title compound (215 g, quantitative) as a heavy yellow oil 
. which crystallized on standing: ' H NMR (250 MHz, CDCI3) 8 7.05 - 7.35 (m, 6 H), 6.77 
(dd, J = 8.3, 2:7 Hz, 1 H), 6.71 (d, J = 2.7 Hz,- 1H), 4.00 (s, 2 H), 3.76 (s, 3 H), 3.54 (s, 2 
30. : H). . • - : - . - ; .•• 

d) 10,1 l-Dihydro-3-methoxy-5H-dibenzo[a,d]cyclohepten-10-one ; 

A solution of 2-benzyl-4-methoxyphenylacetic acid (215 g of crude material that 
contained 204.6 g (0.80 mole) of pure material) in CH 2 C1 2 (1 L) was stirred under argon at 
35 ambient temperature, and DMF ( 1 mL) was. added, followed by oxalyl chloride (400 mL, 
4.59 mole). The oxalyl chloride was added over 1 hr, dropwise initially to control the 
vigorous gas evolution. The solution was stirred for 16 h at ambient temperature and then 
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was concentrated to give the crude acid chloride'<2Ct7'.7-gn0^S6 rtidlV 95 %) as a yellow 
liquid. Thi^ii^UidAvas dissolved in CH2CI2 to a ttital voJiime of 500 mL, and the solution 
and AICI3 (400i&:g, 0.756 mol) were added concurrently over 1 hrto CH2Cl2.(3.7 L) with 
stirring uftder jargon Jat 1 ambient tertiperature.* The temperature was 28°C at the completion 

5 of thc<additron.'The reaction mixture was stirred for 16 h at^ambient temperature, during 
which tirme a solid precipitated? tf^O^i Ij)*wais : added, initial ly ; dropwise, fcver a period of 
30 min. fThe nnixture wasitheriiseparited andi the* orgatlic- phase was washed sequentially 
-with^Q (1 L> and 5 % aqueoiis NaMCX)^ 1 T L>: C%G1 2' solution was 1 then 
concentrated to give A a yeilow solid (175:3 g)r ftecrystallizatiort from EtOAc/hexane gave 

10 . the title impound (128.g,>71%): mp<107 -109^C. " r " - ' 

e) Ethyl (±)- 1 0; 1 1 -dihydro- 1 0^hydroxy^3-fneth6xy-5H-dibenzd[a,d'l , cy cloheptene- i 0- 
acetate 7 - »>. t , . •>♦-.(;. : I- -c r-ibS I- ri""i *; 

A 1 .0 M .solution of lithium bis(tnmethytsilyl£)afnide in hexaneS v (1282' mL, 1 .282 

1 5 mole) was added to THF (4.0 L) at -70?C under argon, then EtO Ac ( 1 46 mL, 1 .49 mole) 

was added dropwisc over 20 min. The reaction' mixture' was allowed to stir for 1 5 min, then 
N,N,N',N , -tetramethylethlylenediamineX378' mL, 2.5 mole) was added over 20 min. The 
; reaction mixture. was stirred foriW);min', then a solution- of 905*1 l^diBydro-3-methoxy-5H- l 
dibenzo[a,d]cyclohepten-10-one (1 19.2 g, 0.50 mol)Th J aiih^oUS TMS 7 (4:26 L) was added 

20 dropwise over 40 min. The temperature was maintained below -65°C during all of these 

additions. The reaction mixture was stirred for 20 mitral L f>5 to -70°C and then was poured 
into saturated aqueous'NH4ei (6:2 L) with' vigorous stirring. The organic layer was 
separated and the aqueous phase was extracted with EtOAc-C2 x 1 *L>. ; The combined 
• organic extracts were washed -With HjG ^ x ltL) and thenJwere'coriceritrated to give a light: 

25 brown oil ( 1 75 g). Thin-layer chromatography(20 % EtOAt/hexanes) showed Rf 0.5 
major (desired product) and Rf 0:7 minor (recovered ketone): The; crude product was 
chromatographed on silica gel (2 kg, 10 ■% EtOAc/hexaines) to afford- the title compound 
(101 g, 61 %) as a yellow, oil: JH/NMR (250 MHz, CDCI3) 5 7.63 (d, J = 7.7 Hz, 1 H), 
-7.00 - 7,30 (m, 4 H), 6.80 (d, J = 2.6 Hz, 1 H), 6.69 (dd, J = 8.2, 2.6 Hz, 1 H), 3.95 - 4.35 

30 (m, 2 H), 4.07 (s, 2 H), 3.76 (s, 3 H), 3.68 (s, 1 H), 3.64 (d, J = 14.2 Hz, 1 H), 3.35 (d, J = 
14.2 Hz, 1 H), 2.79 (d, J = 16.0 Hz, 1 H), 2.66 (d, J = 16.0 Hz, 1 H), 1.22 (t, J = 7.2 Hz, 3 
H). * . : • ■ ' • - 

0 Ethyl (±)-10,l l-dihydro-3-methoxy-5H-dibenzo[a,d]cycloheptene-10-acetate 
35 : Ethyl (±)-10,l Kdihydro-10-hydroxy-3-methoxy-5H-dibenzo[a,d]cycloheptene-10- 

acetate (101 g, 0.31 mole) was dissolved in glacial-acetic acid (1.8 L) and 12 N HC1 (28.5 
mL, 0.34 mole) was added. The mixture was placed in a 2.5 L pressure bottle containing 
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5% Pd/C (20 g ; 0.0094mole); and the resulting mixture was shaken at 35?C under 
hydrogen on a Parr hydrogeriation apparatus equipped with a jacket heater. After 18 hr, the 
reaction was cooled to ambient temperature, and the catalyst was removed by filtration. 
The filtrate was concentrated to give a light yellow oil (85. 1 g). This was chromatographed 

5 on silica gel (2 kg, step-gradient with 5 % to 10 % EtOAc/hexanes) to afford the title 
• compound (69. 1 g, 72%) as an oil: hi NMR (250 MHz, CDCI3) 8 7.05 - 7.22 (m, 4 H), 
7.01 (d, J = 8.2 Hz, 1 H), 6.76 (d, J = 2.7 Hz, 1 H), 6.67 (dd, J = 8.2, 2.7 Hz, 1 ;H),:4.30 (d, J 
= 15.0 Hz, 1 H),4.11 - 4.25 (m, 2 H), 3.85 (d, J = 15.0 Hz, 1 H), 3.70 - 3.90 (m, 1 H), 3.77 
(s, 3 H), 3.31 (dd, J = 15.0, 4.1 Hz, 1 H), 2.93 (dd, J = 15:0, 9.2 Hz, 1 H), 2.64 (dd, J = 15.6, 

10 5.0 Hz, 1 H), 2.52- (dd, J' = 1 5 .6, 9.3 Hz, 1 H), 1 .27 (4, J = 7.1 Hz, 3 H). - 

g) Ethyl (±)-10,l l-dihydrb-3^hydroxy-5H-dibenzofa,dJcycloheptene-i0-acetate 

A solution of ethyl (±)-10,l l-dihydro-3-methoxy-5H-dibenzola,d]cycloheptene-10- 
acetate (8.5 g, 0.027 mole) in CH2CI2 (150 mL) was chilled io -10°C with stirring under 

15 argon. Ethariethiol(10.7 mL; 01144 mole) was added, followed by AICI3 (20.6 g, 0.154 
mole) in two portions over 15 rnin. An exotherm increased the temperature to 0°C 
following the additions, and the temperature was then increased to 25°G using a water bath. 
The reaction mixture was stirred at 25 to 30°C for 2.25 hr, at which point it was poured into 
ice-H20. The organic layer was separated, methanol (100 mL) was added, and the mixture 

20 was extracted with CH2CI2 (2 x 50 mL) : J The combined CH2CI2 extracts were washed 
with'H^O (250 mL); and then were concentrated to give a viscous oil (8.6 g). This was 
taken up' in Et^O (150 mL) and the ether was boiled off while replacing it with hexane. 
The desired phenol first separated as ari oil which crystallized on stirring ax ambient 
temperature. Two crops of solid were collected to afford the title compound (7.1 g, 89 %): 

25 mp 110- 112°C. - - -J- "i - ' ' - 

• •'• ' * .•: , ''" r i • - ' * ; Preparation 11 » f ' ' 

HPLC separation of the enantiomers of ethyl (±)-10.1 l-dihvdro-3-hvdroxy-5H- 
30 dibenzol a,d lcyc ioheptene- i Q-acetate ■ 1 ' • ■ 

a) Ethyl (R)-(+)-10,l l>dihydro-3-hydroxy-5H-dibenzo[a,d]cycloheptene-10-acetate and 
' ethyl (S)-(-> TO, 1 1 -dihydro-3Thydroxy-5H-dibenzo[a^dlcycloheptene- 10- acetate 

Ethyl (±)-10,l l-dihydro-3-hydroxy-5H-dibenzo[a,d]cycloheptene-10-acetate was 
35 resolved into its enantiomers using the following conditions: Daiccl Chiralcel OJ® column 
(21.2 x 250 mm), 20% ethanol in hexane mobile phase, 15 mL/min flow rate, uv detection 
at 254 nm, 140 mg injection; tR for ethyl (S)-(-)-10,l l-dihydro-3-hydroxy-5H- 
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dibenzo[a,d]cyclohexene-l 0-acetate ^<1Q;4 tnin:; if> for ethyl (R)-(4-)- 10,1 l-dihydro-3- 
hydroxy-5Htdibenzo[a^d)cyclobex;enc-10^acemte =13.1 min. s i; . • 

>r ^ ■ t i " • •„ • Preparation 12 

5 - .]•' ; , . , .- - * . .. ■ ■ ■: 

Preparation of ethyl (±--10.1 1- jihydroH7 L fluoro-3-hydro^ 
1 0- acetate : \ i .'■ . ■ " ■•■ •. v. -."* 

" . ' •: ' f • ■ If \>, i :. L ; 'v- r . . , , - • . . ' .'• 1 - 

, a),;l-(3-Fluorophenyl)-6-metho):y-lrindanol ' : ' 

10 According to the procedure of Preparation 10 (a), except substituting 3- 

fluorophenylmagnesium bromide for the phenylmagnesium bromide, the title compound 
was obtained as an amber oil: ,MS : (ES) m/e 276.0 (M + H)^ ■ ,.-*« 

■ ,.b) l-(3-Fluorophenyl)-6-methoxyindene. ?. <--.■ : =. i. , i ? /. - 

15 ; . According to the procedure of Preparation 10 (a), except' substituting !-(3- 

fluorophenyl)-6-methoxy- 1 -indanol for the 6-methoxy- 1 -phenyKl -indanol, the title 
compound was obtained as a colorless oil following silica. gel chromatography (4% 
. ,EtO Ac/hex anes): MS (ES) m/e 241. 1 (M> > ii; : ->vjr--i, .- ... * V 

20 . c) 2-(3-Fluorobenzoyl)T4-methoxyphenylacetic acid , l, ^. ., , . , .... 

According to the procedure pf Preparation 10 (b). except substituting 2-(3- 
fluorophenyl)-6-methoxyindene r for the 6^-rnethoxy-l -phenylindene, the title compound was 
.obtained as a white solid: MS (ES) rn/e 289.2 (M,+-H) + . ... . : > - ;.. '. 
. . • t :;Jv,:V.,.- L; . -;»*:*:. ij t »• i • /« 

25 d) 2-(3-Fluorobenzy1)-4-methoxyphenylacetic acid : ? ; ! 

According to the procedure of Preparation 10 (c), except substituting 2-(3- 
fluorobenzoyl)-4-methoxyphenylacetic acid for the 2-benzoyl-4-methoxyphenylacetic acid, 
the title compound was obtained as a colorless oil: MS (ES-) m/e 273.2 (M - H)~. 

30 e) 10,1 l-Dihydro-7-fluoro-;3-methoxy-5H-dibenzo|a,d]cyclohepten-10-one 

According to the procedure of Preparation 10 (d), except substituting 2-(3- 
. ; nuorobenzyl) -4-methoxyphenylacetic acid for the 2-benzyl-4-methoxyphenylacetic acid, 

the title compound was obtained as a, white solid: Mp 129 - 130°C; MS (ES) m/e 279.2 (M 
- + Na)+ ... • . - . 
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: ,f) Ethyl (±)7l0aj-dihydrQ-7-^ 
10-acetate; -■ "a > ' T ■ ;M ' ■•' . »: j . P t i •; [ . ; * f, . ; 

According to the procedure of Preparation 10 (e), except substituting 10,1 1- 
dihydro-7-fluoro-3-methoxy-5H-dibenzqla;d]cyclohepten-10-one for the 10,1 l-dihydro-3- 
5 methoxy-5H-dibenzo[a,dlcyclohepten-10-one, the title compound was obtained following 
, , silica-gel chromatography (8% EtOAc/hexanes): <MSi(ES) m/e 362,2 (M -bNH^. 

g) Ethyl (±)-10,1 l-dihydro-7-fluoro-3-methoxy-5H-dibenzo[a,d]cycloheptene- 10-acetate 

: . - ^Accordingjto thes procedure of Preparation/1.0 (f),i except substituting ethyl (+)- 
10 lAUL-dih^ 

: : for the/ethy ];.(+)- 1 0 T L I-dihydro- 1 Q-bydroxy- 3 -methoxy-5H-dibenzo[:a,d]cycloheptene- 1 0- 
. acetate, the/ title compound was obtained as a colorless oi! following silica gel 
. chromatography .( 10% EtOAc/hexanes): MS (ES) m/e 329.2 (M + H)+ •,. 

15 h) Ethyl (±)-10J l-dihy.dro r 7-fluoro-3rhydroxy-5H-dib 

According to the procedure, of Preparation 10 (g), except substituting ethyl (±)- 
10,1 l-dihydro-7-fluoro-3-methoxyT5H-dibenzora,d]cycloheptene- 10-acetate for the ethyl 
(±)-10,l l-dihydro-3-methoxy-5H-dibenzo[a,d]cycloheptene- 10-acetate, the title compound 

. was obtain'ed^a'-whitcrs.olid following; silica gel^ chromatography (1% MeGH/CI-^C^): 
20 MS(ES)nVe'315.0 (M + H) + :/332.0(Mt NH 4 )+. .• 

a:ij : [ *i • ; r> >> ^ Preparation 13 ^ . 

Preparation of ethyl (±Y 10; 1 l-:dihvdro72"rdimethvlam;no>methvir7-fluoro-3-hvdroxv-5H- 
25 dibenzol a.d1cvcloheptene- 1 0- acetate 

T a) Ethyl (±>1Q,1 l-dihydro-2-(dimethylamino)methyU7-fluoro-3-hydroxy-5H- 
dibenzo[a,d]cycJoheptene- 10-acetate * 1 -: . 

r - To a solution of ethyl (±)-10,l l-dihydro~7-fluoro-3-hydroxy-5H-dibenzo 
. 30 [a,dlcycloheptene- 10-acetate (0.4 g, 1 .33 mmol) in 95% ethanol containing 2 M 

dimethylamine in MeOH (1 .0 mL) was added>37% aqueous formaldehyde solution (0.5 
: mL) at RT under argon. After 20 hr, the reaction was heated to reflux for 5 hr, then was 
concentrated on the rotavap. The residue was partitioned between H2O and Et20, and the 
layers were separated. The aqueous layer was extracted with Et20, and the combined 
35 organic layers were washed with brine, dried (MgS0 4 ), and concentrated on the rotavap to 
give the title compound (330 mg, 67%) as a colorless oil: ] H NMR (400 MHz, CDCI3) 
5 7.20 (m, 1 H), 6.88 (m, 2 H), 6.67 (s, 2 H),4.25 (d, J = 15.1 Hz, 1 H), 4.18 (q, 2 H), 3.78 
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(rrn LH)y3i74'-(-aiJ ^*:15.1 •»Hzp'l-H>,- i 3>5 , 5#^2' H > X>^.20 7 (dd-V , l r tt)^2.80 (dd, 1 H), 2:60 (dd ? 1 
H), 2.53 (dd, 1 H), 2.29 (S, 6 H), 1 .27 (t, 3 H); MS(ES) m/e 372.3 (M + H)±. 

• ! ■ ::iirj-t!:-- *q.\. ;'/.'; i '" : ! !: . i.-r- u; ' *' . '• • . •• 

. - i i jdi i<!\ r.-n.v ■ <:■:; »r^ : ' Preparation 14 »" : 
5 '■- •*!<' '<i<.-rj v ^n:'jt;f??;(rv /.a ('1 i:n M o .cr >' • ■• • 

Preparatiorr of ethyl jjs)bKLMM^ 
1 0-acetate 

.;. .-•.!». n-.5. • : ...''VwivHf' • .-».■»•. uH <; f>v i; . ,"*-; * : ■ - 

, a)- Ethyl *(±)wl 0*i 1 rdihydro-2-rormyl^meto 1 0-acetate 

10 ■ * ' PXXH3 (1 7 imL) was add6d dropwise fo a solution of ethy l (±H0tf f -dihydro-3-' 

methoxy-SH-dflbenzofa,^ in dryDMf (40 mL) at 

RT under argon^and the darksolution was'heated at 90°Gifor*i48 hr. ! The re^ctibn was 
concentrated cm the rota^ap and tfieiresidue.was partitioned' bfctween K^O and'EtOAc. The 
organic layer was separated, dried (MgSC>4), and concentrated on the rotavap. The residue 
15 was reconcentrated from xyMnis (to/remove any *emainirig DMF) thfen %vas 

. chromatographed on silica gel (7% EtOAc in hexanes) to afford thetitle compound (230 
rrg, 21%) as a colorless, oil:., MS (ES)nrfe339.S.(M'+»M)+ \ 
■■■ - -, • t ' at «.f !q';ri >!*.p<:^^ •: w.vt^'liL~K / y onion i-? -mhy : i -- ' 

o) Ethyl i(±pl 0, 1 <t -dihydrot3*methoxy*2'^^ 0- acetate 

20 A mixture of ethyl (±)-10J I-dihydfo-2-T6rmyU3-methoxy--5H- : ; 

dibenzo|a,d]cyclohcptene-l 0-acetate (220 mg, 0.65 mmol), 10% Pd/C (90 mg), glacial 
HOAc (15 mL), and cone HC1 ;(2rnL)nyas Shaken at RT under hydrogen (60 psi). After 20 
hr, the mixture was filtered through celite®, and the filtrate was concentrated to afford the 
title compound (200:*mg,t95„P/fe.)Jas^v€oibrldss : ail: ;MS (ES) ^ 
25 "j* _» -y Ui •'. ■. a; ;j >(jc ut' 2l!>-I' i: '\+ :< 

c) Ethyl (±)-10,l l-dihydro-3-hydroxy-2-methyl-5H-dibenzo[a,d]cycloheptene- 10- acetate 
To dry CH2GI2 (30 mL); cooled in arjiice bath was added diethylsulfide (0.38 mL, 
3.3 mmol) followed by AICI3 (438 mg, 3.3 mmol). To this solution was added dropwise a 
solution of ethyl (±)-10,l l-dihydro-3-methoxy-2-methyl-5H-diben2o[a;d]cycloheptene-10- 
30 acetate (200 mg, 0.6 mmole) mdry CH2CI2 (6 mL), and the resulting mixture was stirred 
1 at RT for 2 hr. The reaction was quenched with 1 .0 N HCI (10 mL) ; and the layers were 
■ , separated. The organic layer was dried (MgS04) and concentrated bn the rotavap to give 
; the title compound (100 mg, 56%) as a* colorless oil: MS (ES) m/e 311.2 (M -kH)+. 
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; r ' • • .-iir *■ ■ .•h ftgpatiatteft -IS '''. 1 - 1 t ■ 

Preparation of ethvl (±)-10.t l"dihvdro-3>hvdroxv>6-methvl-5H-dibenzofa,dlcvcloheptcne- 
1 0- acetate • , : - 1 •> ■■ : . ■ \ ■ *'•.*- • 

a) 6-Methoxy-l-(2-methylphenyl) L l-indanob l - ^- ^ ""-;/ - ■ ' ' 

■ ''■<■ According to the procedure'of Preparation 10 (a^ except substituting 2- 1 ] 
methylphenylrriagriesium bromide' for the phenyl magnesium bromide, the title compound 
was obtained as an oil: MS (ES) m/e ; 277;0"(M -f Na)+<. 



' r.b) 6-Methoxy-l-(2-methy!phfenyI)indene . - J - ■ * " ■ • " 

<r According to the procedure of Preparation 10 (a), except substituting 6-methoxy-l- 
;(2-methylphenyl> 1 -indanol for the 6-methoxy-l -phenyl- 1 -indanol; the title compound was 
obtained as?a colorless oil: following silica gel chromatography (3% EtOAc/hexanes): MS 

15 f : -(ES)m/e 237,2 (M + H)+ ^ • ' ' ■ r ;•; . i. 

c) 4-Methoxy-2-(2-methylbenzoyl)pheriylacetic acid 

According to the procedure of Preparation 10 (b), except substituting 6-methoxy-l- 
(2-methyjphenyl)!ndiene :for the 6-methQxy- 1-phenyltndencV the title compound was 
20 obtained as a viscous oil: MS (ES) >m/e 285.3 (M + NH4) + . ■ <" - ' ' " 

d) 4 , -MethGxy-2-(2-methylbenzyl)phenylabet:c acid • ' 

According to the procedure of Preparation 10 (c), except substituting 4-methoxy-2- 
(2-methylbenzoyl)phen:ylacetic acid^for the 2tbisnzoyi-4^methoxypHenylacetic acid, the title 
25 compound was obtained' as a viscous oil: MS (ES) m/e 288^2 (M + 'NH^+i- 

e) 10J1-Dihydro~3-methoxy-6 , -rnethyl-5H-dibenzo[a,d]cyclohepte^ 

According to the procedure of Preparation 1 0 (d), except substituting 4-methoxy-2- 
(2-methylbenzyl)phenylacetic acid for the 2-benzyl-4-methbxypheriylacetic acid, the title 
30 compound was obtained as a white solid following silica gel chromatography (6% 
EtOAc/hexanes): MS (ES) m/e 253.0 (M + H)+. ' * "> : 

f) Ethyl (±)-10,l l-dihydro-10-hydroxy-3-methoxy-6-methyl-5H^ " - - • ' 
dibcnzo[a,dlcycloheptcnc^lO-acetate - 1 ; " < - ' *• .* 

35 According to the procedure of Preparation 10 (e), except substituting 10,1 1- 

dihydro-3-methoxy-6-methy!-5H-dibenzo[a,d]cyclohepten-10-6ne for the 10,1 l-dihydro-3- 
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methoxy-5H-dibenzo[a,d]cyclohepte^ title compound was obtained following 

silica gel chromatography (8% EtOAc/hexanes): MS (ES) m/e 358.2 (M + NH 4 )+. 

g) Ethyl (±)-l(),l l-dihydro-3-methoxy-6-methyl-5H-dibenzo[a,djcycloheptene-1.0-acetate 
5 According to the procedure of Preparation 10 (0, except substituting ethyl (+)- 

10,1 1-dihydro- 10-hydroxy-3-methoxy-6^methyl-5H-dibenzofa,djcyclohepteneT 10-acetate 
for the ethyl (rfzjh) 0, 1 l ; -di hydro- Ji0-hydrQxyr3^met^ 1 0- 

acerate, the ^itle cpmpoundi wa^ obtained as a ooiorless: oil following silica gel 
chromatography (5% EtOAc/hexanes) ■ /MS (ES>rn/e 325.3 (M + H) + s . 

h) Ethyl (±)-10J l-dihydro-3-hydroxy-6-methyl-5H?dibenzo[a;d]cycloheplene-10-acetate 
i According tp the prpcedure of Preparation 1,0 (g), except substituting ethyl (±)- 

10,1 l-dihydro-3[-rne,thoxy-6-meth^ the ethyl 

(+)- 10,U-dihydro : 3-methpxv^^^^ <the;. title compound 

was obtained as a white solid after trituration with MeOH: MSi(ESr) m/e 31 1.2 (M + H)+. 

Preparation 16 j v \ . ■ 

Preparati on: o f ethy l ( ±)-\ 0, 11 T^lhyd^S-ISr^nitro^^ 

propvloxvl-5H-dibenzo[a,d1cvctoheptene^lO-acetate ; ■ ■ \ - -> 



10 



15 



20 



a) Ethyl (±)-10,l 1-dihydro- 3- r3-(4^nitro-;l-oxppy-ridin-2-y lamino)-.l-propyloxyJ-5H- 
dibenzo[a,d]cycl.oheptene-10-acetate: ; ; ^ v. - : f >> t >■ .y\\) . • / 

. ■ A solution of 2r.[(3-hydroxy-l-^ g, 4 

25 mmole) and diethyl azodicarboxylaie (0:63 mL, 4 mmole). in anhydrous DMF<J0.mL) was 
added dropwise to a solution of ethyl (±)-10,l 1 -dihydro-3-hydroxy-5H- 
dibenzof a,d]cycloheptene- 1 0-acetate (0.59. g, 2 mmole) and tripheny Iphosphine ( 1 . 1 0 g, 4.2 
, mmole) in anhydrous DMF (10 mL) at RT under argon. After 23 hr, the reaction was 
concentrated and the residue was reconcentrated from xylenes (2:X).' Silica gel 

30 chromatography (gradient: 1 : 1 EtOAc/hexanes, then EtOAc, then 5% MeOH in 1 : 1 

EtOAc/CHCl3> gave crude title compound. Unchanged (±)-10J l-dihydro-3-hydroxy-5H- 
dibenzo[a,d]cycloheptenc-l 0-acetate could be recovered from the 1:1 EtOAc/hexanes 
fractions. Rechromatography of the crude title compound (3%: MeOH in 1:1 
EtOAc/CHCl3) gave clean title compound (0.72 g, 73%) as- a yellow foam: TLC (10% 

35 MeOH in 1 ^LEtOAc/CHC^) R f 0.59; l H NMR (250 MHz, GDCI3) 5 8.19 (d, J = 7.1 Hz, 1 
H), 7.46 (d, J. = 2.9 Hz, 1 H), 7,35 (dd, J =7.1, 2.9 Hz, 1 H), 7.00 - 7.30 (m, 5 H), 7.00 (d, J 
= 8.2 Hz, 1 H), 6.8 1 (d, J = 2.6 Hz, 1 H), 6.70 (dd, J = 8.2, 2.6 Hz, 1 H), 4.29 (d, J = 1 5. 1 
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Hz, 1 H), 4,18<q; J 7A Hz, 2 H), ; 4:<38 (t^J -^#.5 Hzv2 H) -3:86 (d,J = -15:1 Hz/l'H), 3.72 
O.90 (m, 1 HX3.'59(q/J ^= 6.3-Hz, 2 H); ; 3-:30'(dd, J = 15.0, 4:2 Hi,'] H)V 2.93 (dd, J = 
' 15.0, 9.3 Hz, l r H),2;64(dd, J = 15.6, 5.1 Hz, I H), 2.5f (ddVJ = 15:6;9:3 Hz; 1 H), 2.10- 
• 2.30 (m, 2 H), 1 .27 (t, J = 7; 1 Hz, 3 H); MS (ES) m/e 492 (M + H)+. ; : 1 ' 

5 

Preparation 17 

'■' - : Preparation ofreth vHSV 10: H -dihvdro^3-T3-( : 4^riitro- 1 -oxobvridin-2Wlamino)- 1 jj ; 
Dropyloxv1-5H-dibenzora.dlcvcloheptene-10-acetate 

a) Ethyl (S)-10, 1 l-dihydro-343K4-nitro- l-ox6p>ridin-2-yiamino)-l-pr6pyloxy]-5H- 
dibenzoia^djcycloheptene-lO-acetate ^ 1 " 1 1 - 

- According to the procedure of Preparation 16, except substituting ethyl (S)- 10,1 1- 
dihydrb-3-hydr6xy-5H-dite^ for the ethyl (±)-i0,l 1- 

1 5 dihydro-3^hydroxy-5H-diberizo['M^ the title compound was 

prepared: MS (ES) m/e 492 (M + H)?\ • ' ' - 

v. " ■ '£>*-Y I*' 1 - •! * Preparation 18 " - : " 

20 Preparation of 10.1 l-Dihvdro-3-methoxv-5H-dibenzo[a t d1cvclbhepten-10-one 

a) 2-Benzyl-4-methoxyphenylacetic acid ; . 
: r . .- A solution of 2- benzoyl-4-methoxyphenylacetic acid (13.0 g, 0.048 mol), prepared 
by the method, of J. K Med.: Chem. , 19SI, 24 ; ,99^ in glacial acetic acid (600 mL) was treated 
25 ; under argon with 4.3 g. of \Q% Pd/C and h/diogenated at 50 psi for 17 hours. The mixture 
was filtered .using, celite®: and the filtrate was concentrated and reconcentrated from toluene 
and methylene chloride to give J 4*2 of the title compound: : 1 H NMR (400 MHz, CDCI3) 5 
3,52 (s, 2H), 3,75 (s,3H),4.0(s, 3H), 6.7 (m, 2H), 7.15 (m> 6H). . • 

30 / .b) 10,ll-Dihydro-3-methoxy-5H-dibenzo[a,d]cyclohepten-10-one 

■ A solution of 2-benzyl 4-metboxypheny facet ic acid (14.2 g, 0.055m) in benzene 
( 1 20 mL) and thionyl chloride (28 mL) was refluxed for 1 hour and concentrated. The acid 
chloride was dissolved in dry methylene chloride (40 mL), and the solution was added 
dropwise under argon to a solution. of A1C1 3 (14.7 g, 0.M mol) in methylene chloride (600 

35 mL).- The reaction was stirred under an argon atmosphere for 2.5 hours at room 

temperature, then was quenched with ice-water (200 mL).. The layers were separated, and 
the organic phase was washed sequentially with 10% NaOH solution, water, and dii. HC1. 
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The resulting solution was diluted with ether .(200,n&L), dried over MgS0 4 , and 
concentrated: The solid residue was triturated; with : ethcr/hexane (1 : 1) and 9.35 g of the 
title, compo?jnd was collected by filtration:, Mp 105 - J06°C; J H NMR (400 MHz, CDCI3) 
6 3.72 (s, 3H),4.1 (*, 2H),.4.2 (s, 2H), 6.7 ,(d, 1H), 6.82 (s, 1H), 7.30 (m, 4H), 8.1 (d, 1H). 

5 

Preparation 19 

Preparation of ethyl (±K1 0 , 1 1 -dihydro-3-methoxv;-5H-dibenzo[ a.dlcvcloheptene- 1 0-acetate 

10 a) Ethyl (±) 3-(3-methoxyphenyl)indeneacetate 

, To a cold solution of 3-(3-rmethoxyphenyl)indene (4 g, 18 mrnol), prepared by the 
method of /. Med. Chem. 1981, 24, 998, in THF (15 mL) at_.0P.Gwas added dropwise a 
solution of LJN(TMS) 2 (20 mL, 1M in THF) oyer 5 min. The resulting solution was added 
dropwise to a solution of ethyl brompacetate (3.34 g,20 mrnol) in THF (15 mL) at -78°C 

15 over 30.min. After 2.5 h, the mixture, was quenched with saturated ammonium chloride 
solution and the layers were separated. The organic layer was dried over MgS0 4 and 
concentrated to give the crude product which was purified by column chromatography 
(Si0 2 /2-4% EtOAc/hexane) to give title compound (1.1 g): J H NMR (400 MHz, CDCI3) 5 
1.30 (t, 3H), 2.50 (m, 1H), 2.85 (m, 1H), 3.85 (s, 3H), 4.0 (m, 1H), 4.20 (q, 2H), 6.6 (s, 1H), 

20 6.9 (m,-1H),?7.2 (s,TH)/7.35 (m, 6H). - I ' • * ' 

b) Ethyl (±) 3-[(3-methoxybenzoyl)]phenylsuccinate' • - •■■ 

■ * . A solution of ethy! (±) 3>(3-methoxyphenyl)indeneacetate (1 ;1 g, 3 6 mrnol) in 

acetone (30 mL) was treated with 4% aqueous sOlMion of osmium tietroxkle (0.5 mL) 
25 followed by a dropwise addition of 1.2 M Jones reaigelrtt (5 ; mL, 6 mrnol) according to the -. r 

literature procedure^./. Org. Chem: 1993, 58 v 4745): After stimng overnight at room 
» temperature, the dark reaction mixture was quenched with isopropanol (2.5 mL), followed 

by sodium bisulfite (0.9 g) and water (30 mL). The product was extracted' with ethyl 

acetate, washed with brine, dried over MgSC>4, and concentrated to give a solid residue. 
30 Trituration with 1 : 1 ether / hexane gave 0.76. g of the title compound: 1 H NMR (400 MHz, 

CDCJ3) S -1:18 (t, 3H), 2.90.Xm, 1H), 3.3 (m, 1H), 3.92 (s, 3H), 4.1 (q, 2H), 4.4 (m, 1H), 4.4 

(d, l H), 7.25 (m, 2H), 7.5 (m,6H). I J " * 

c) .Ethyl (±).3-[(3-methoxybenzyl)]phenylsuccinate 

35 A mixture of ethyl (±) 3-[(3-methoxybenzoyl)]phenylsuccinate (0:76 g., 2. 1 mrnol) 

and 10% Pd/C (0.6 g) in glacial acetic acid (35 mL) was hydrogenated at 50 psi for 17 
hours. The mixture was filtered using celite®) and the filter pad was washed with acetic 
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acid. The filtrate was concentrated and reconcentrated from toluene and methylene 
chloride to give .0,65 g of the title, compound: ] H NMRX400 MHz, CIPCI3) 8 1 .20 (t, 3H), 
2.20 (m, 1H), 3.0 (m, 1H), 3.74 (s, 3H), 4 r l (q, 2HX4 : 18Xq,aH) v 4,4,(d r ,lH), 6.2 (m, 2H), 
7.22 (m, 6H). . .. . . . . ... irtv>v . 

d) Ethyl (±)-10,l l-dihydro-3rmethoxy-l l-o^o r 5H-d 

To a magnetically stirred solution of ethyl (±) 3-[(3- 
methoxybenzyl)]phenylsuccinate (0i65 ( g,_l,.9. i mino]Xin dry methylene chloride (10 mL) 
. were, added PMR(0.2 mL) and oxalyl chloride (0.2 mL, 2.28 mmol). After 1.5 h, the 
10 ; solution; was added clropwise-to a suspension of aluminum, chloride (0.6 g, 4.5 mmol) in dry 
methylene chloride (15. mL). t The, mixture was quenched after 2 h with ice water, the layers 
were separated, and the aqueous^layer was extracted with methylene chloride. The 
r combin^d.organic layers were dried over MgS04 and concentrated.; The residue was 
, : purified by column chra^ to give title compound 

15 (0.3 g): ] HNMR (400 MHz, CDCI3) 8 1.28 (t, 3H), 2.88 (m; 1H),3.55 (m, 1H), 3.84 (sj 
3H), 3.88 (d, 1H), 4.18 (q, 2H), 4.85 (d, 1H), 4.95 (m, 1H), 5.8 (m, 2H), 7.22 (m, 4H), 8.1 
(s, 1H). i , - i • 

. e) ;EthyJ r j(£^ 

20 , v A. mixture of ethyl (±)-40,l : l-.dihydro- j 3-methoxy-l l-oxo-5H-dibenzofa,d]cycloheptene-10- 
acetate (0.3 g., 0.93 mmol) and 10% Pd/C (0.3 g) in glacial acetic acid (25 mL) was 
hydrogenated at 50 psi for 1.8 hours,.,, The .mixture was filtered using celite® and washed 
.„ with acetic acid. The filtrate was concentrated and reconcentrated from toluene and 
methylene chloride to give 0. : 25. g of the title compound: : !H NMR (400 MHz, CDCI3) 8 

25 ; 1 .28.(1, 3H), 2.60 (m, 2H), 2,90 (am, 1B);<3;3G (m; 1H); 3.80 (s, 3H), 3.85 (d, 1H), 4.18 (q, 
2H), 4.30 (d, LH); 6.70 (m, 2H), 7.0 (d, 1H), 7.22 (m, 4H). > 

.•..>; ■ Preparation 20 ; ■ ■ . l. 1 

3.0 Preparation of ethyl (±)-10.1 l-dihvdro-3-hvdroxv-dibenzoib,f1oxepine-10^acetate 

. a) ,4TMethoxy-2-phenoxyacetophenone 

According to the procedure of Harris, X. W.-et al. (7. Med.\Chem. 1982, 25(7;, 855 
- 858),2-f]uoro-4-methoxyacetophenone (1.00 g, 5.95 mmole) was reacted with phenol to 
35 give the title compound (1 .27 g). as an oil: *H NMR (300 MHz, CDCI3) 8 7.90 (d, J = 8.8 
Hz, 1 H), 7-35 (m, 2 H), 7.20 (m, 1 H),;7.05 (m, 2 H); 6.7.0 (dd; J<= 2.4, 8.8 Hz, 1 H), 6.35 
(d, J = 2.4 Hz, 1 H), 3.75 (s, 3 H), 2.61 (s, 3 H). 
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b) 2-(4-Methoxy^2-phehoxypheny^^^ '"' 

According to the procedure of Harris; T. W., et al. (7. Med. Chem. 1982, 25(7), 855 
- 858), 4-methoxy-2-phenoxyacetophenone (1.69 g, 6.98 mmole), sulfur (0.36 g, 1 1.2 
5 mmole), and morpholine (0.98 mL, 1 1 .2 mmole) were reacted to give the title compound 
(1.24 g) a?a r white solid: MS (ES) ni/e '344.0 (M -f H)+ 

; c) 2-(4-M6tHoxy-2-phen6xyphenyl)a6etic acicT* - - 

; : To a solUtioh 5f 2-(4-methoxy-2-ph^ 

1 0 (0.35 g, 1 .02 mitobfe)% i^PrOH ( * 5 mL) arid H 2 0 ( 15 mL) was added KOH (0:57 g, 10.2 
mmole!). The reaction waS'heated* at reflux 5 f6rl 8 hr, then 7 was cooled to RT; diluted with 
H2O, a ; nd ? wash^d with Et^O. The aqueous layer was acidified to pH = 4 with coric. HC1 
and was extracted with GHCI3: L: The fcorfibined Extracts were dried over MgS04 and 
concentrated to give the title corrfpoiind (0.22 g) r as a white solid: This was used without 

15 further purification': MS (ES) rri/e 259:0 (M + :H)+V ' i-i^.'-.n ; 

d) 3-Methoxydtbenzo[b,f]oxepin- 1 0-one 

A solution of 2-(4-methoxy-2-phenoxyphenyl)acetic acid (594 mg, 2.3 mmole) in 
thionyi^GMoride^tOim rfrih^tHdn was^bricentrated to dryness, 

20 and the residue was recbncentrated iTomJtoruerid.y; The resulting residue was dissolved in 
dry CH2CI2 (3 ,mL),* and the solution was 'added dropwise at<RT to a suspension of AICI3 
(673 mg, 5.06 mmole)in dry CH2Gl^(4<rfiL) inr a flarfie-dridd flask under argon. After 
stirring for 2.5 hr^the mixture was diluted with- GH^fClj (10' mL)' and-washed sequentially 
with l.G N NaOH- and brine:' Drying (MgS04>; concentration; and flash chromatography on 

25 silica gel (5% EtOAc/hexancs) gave the titlexompound (264 mg, 48%) as a light yellow 
oil: *H NMR (300 MHz, €DC1 3 ) 5 3.80 (s, 3U)l 4.02 (s, 2 H), 6.74 - 8/08 (m, 7 H). 

c) Ethyl (±)-10,l l-dihydro-lO^hydroxy-S-methoxydibenzorb/Joxepine-lO-acetate 

Anhydrous EtOAc (0.94 mL, 9.6 mmole) was added dropwise to a solution of 
30 lithium bis(trimethylsilyl)amide (1 .0 M in THF, 7 mL, 7 mmole) in dry THF (7 mL) in a 
flame-dried flask at -78 °C under argon. After 0.5 hr, TMEDA (2.4 mL, 16 mmole) was 
added. After another 5 min, a solution of 3-rtiethoxydibenzo[b,floxepin-l 0-one (760 mg, 
3.2\nimole) in THF (2 mL) was added dropwise over 3 min. Additional dry THF (0.4 mL) 
.was used in transfer. The reaction was stirred at -78 °C. to -40 °C for l hr, then was 
35 quenched with saturated NH4CI (10 mL). The mixture was warmed to RT and extracted 

with EtOAc. Drying (MgSC>4), concentration^ and flash chromatography on silica gel (10% 
EtOAc/hexanes) gave the title compound as a clear oil: , H NMR (300 MHz, CDCI3) 8 
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. 1 , .l.20 ; (k 3.J*), -,1 .2.J kJ .?0.(m> 4 H), £362^2.68. (dd;l H)>'2.94 - 3.02.(dd, 1 H), 3.24 - 
3;30 (dd, 1 : H) v 3.40 - 3.46 (dd,,J H), 3.40 r .-3.4fi (dd, 1 H), 3.78. (s, 3 :H), 4.0S : - 4.18 (m, 2 
H), 6.60 -e 7.2&(m i: 6 H), 7.64 -J.68 (dd, 1 H). . <• .-vi ■<> . . v r, V v 

5 f) . Ethyl (±)- 1 0: 1 1 -dihydro 7 3-methoxy : dibenzcf b^fjoxepi^e- 1 0-aeetate >, ■ ' 

Boron trifluoride etherate > (0.48 xnL, 3:9 : mrnole) was added ^to absolution of ethyl 
(±)- 1 0, 1 1 -dihydro- 1 0-hydroxy-3-methoxydibenzo[b,f]oxepin? - 1 0-ace.tate(690 mg, 1 .95 
mmole) and triethylsilane (0.62 mL, 3.9 mmole) in dry CH2CI2 at 0 °C under argon. After 
20 min, the reaction was quenched v/ith 5% NaHCC>3, and the mixture was extracted with 

1 0 CH2CI2. Drying (MgSC>4) and concentration gave a yellow oil. This was dissolved in 
absolute ethanol (20 mL) and 10 % Pd/C (413rng v 0.39 mmole) was added/ The mixture 
was hydrogenated for 3 hr at 50 psi on a Parr hydrogenation apparatus. The catalyst was 
removed by filtration through celite®, and the filtrate was concentrated to afford the title 
compound (523 mg, 86%) ; as f a clear oil: l H NMR (300MHz, GDCI3) 6 7.18-6.58 (m, 7 

15 , H), 4.18^.4;08.(m, 2 : H), 3,80 (s, 3 H), 3.80 - 3.74(rn, 1 H), 3.40 -3.30 (dd, 1 H), 2.98 - 2.84 
(dd, 1 H),-2.74 > 2.62 (dd, 1 H), 2.60 -2,52(m, 1 H), 1.32 - 1.20 (t, 3 H). • 

. .. g) Ethyl (±)-iQ,R-di)iy^ 

:. ; A sA!ut:pn efi.sthyl (±>l(?,i lr;dihydr:c-3^methoxydibenzo[b,floxepine-10-acetate 
20 (523 mg, 1 ,68 f mmole) in CH2GI2 (6.8 mL) was added dropwise to a cold solution of BBr3 
in CH2Q2 (1 -Q M, 6.7 mL, 6.7 mmole) at 0 °C under argon. The reaction was stirred for 
r 20 min, then CH3OH (7 mL) was, added carefully. The mixture was concentrated and the 
, residue, was flash chromatographed on silica gel ( 15 - 20% EtOAc/hexanes) to afford the 
title compound (407 mg, 89%>as a pale yellow oil: MS (ES) m/e 299 (M + H)+. 

25 

Preparation 21 

Preparation of 2-f(3-bromo-l -propvnamino|-4-methvlpvridine-N -oxide hydrobrbmide 

30 a) 2-[(3-Bromo-l -propyl )aminoj-4-methylpyridine-N-oxide hydrobromide 

A solution of SOBr2 (5.0 mL, 64.5 mmole) in CH2CI2 (20 mL) was added 
dropwise- over 15- 20 min to a solution of 2-[(3-hydroxy^l-propyl)amino]-4- ■< 
methylpyridine-N-oxide (10.0 g, 54.87 mmole) in CH 2 Cl2 (100 mL) at 0 °C The reaction 
, was warmed to RT and stirred for 2 hr, then Et20 (200 mL) was added slowly . 'The 
35 solvents vycre decanted away from the gummy precipitate* and the precipitate was washed 
with additional CH.2Cl2/Et20 (several times). The resulting brownish-yellow residue 
solidified on standing in a refrigerator overnight. This solid was collected and washed with 
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. Et20 to afford the title compound. (.15103%) is a yellow solid. Additional title compound 
(2.05 g) was obtained as white ri&etitesby concentration of the combined organic layers. 
The total yield of title compound was 17.89. g (96%): MS (ES) m/e 245 and 247 (M + H)+ 

5 The following compounds illustrate methods for preparing the biologically active 

compounds of Jthis invention : from intermediate compounds such as described in the 
foregoing Preparations* ; " ] . >■■• - : - "* • 

i i\l .,■!.'■.' * • • • fVi '■>> • ' 

• ; .' v :.>-\\. j • -' . Example 1 ^ i • ' 

10. • > v - : ' , " '.. " » •>•« .■ • /■ : 

Preparation of (±)- 1 0.1 1 z Ai hvdro>344-(pvridin-2-vlamino)- 1 -butyl V-SH-s ' * 
, dibenzo[a,d1cvcloheptene-)0-acetic acid \ • i r < 

a) 4-(2-Tetrahydrbpyraryloxy)-l -iributylstannyl-i-butyne ■•. ff - ';■ • 

15 A solution of n-butyHithium in hexanes*(l .6 M, 1 8.8 ml, 30 rrirrtole) was added in 

a stream over 2 min to a solution of 2-(3-butynyloxy)tetrahydro-2f/-pyran (4.7 mL, 30 
mmole) in dry THF (60 mL) at 0°C under argon. After 0.5 hr, tributyltin chloride (8.1 mL, 
30 mmole) was added all at once, and the reaction was warmed to RT.' After 3 hr, the 
. reaction was diluted with; hexanes; (300 mL) arid washed sequentially with' H2O (2 x 60 
20 . mL), 10% KF (2.x 30 rnL), and saturated brine (60 mL); Drying (N^SC^), concentration, 
and silica. gel chromatography (?% EtOAc/hexanes) gave the title compound (3.58 g, 27%) 
-..as a nearly colorless oil: TLC (5% ; EtOAc/hexanes) Rf 0.37; hi NMR (400 MHz, CDCI3) 
! 54,66 (narrow- i, l'H), 3.75 v 3,96 (m; 2 H),-3.49 *-.3:62:*(m/2H), 2.56 <app ! t, 2 H), 1.76- 
1.91 (m, 1 H)v 1.65 - 1.78 (m/l H), 1.42 1.65^m, 10H); 1.22 - 1.4P(m, 6 H); 0.82 - 1.08 
25 (m, 15 H). 

b) Ethyl (±)-10,l l-dihydro-3-[4-(2-tetrahydropyranyloxy)-l-butyn-l-ylJ-5H- 
dibenzo[a,d]cycloheptenc- 10- acetate- ^ ^ : . 

A mixture of ethyl (±)-10,l l-dihydro-3-(trifluoromethanesulfonyloxy)-5H- 
30 dibenzof a,d jcycloheptene- 1 0-acetate ( 1 .34 g, 3.1 3 mmole), 4-(2-tetrahydropyrany loxy)- 1 - 
tnbutylstannyl-l^butyne (.1.66 g,3.76 mmole); LiCl (398 mg, 9.39 mmole), 
bis(triphenylphosphinc)palladium dichioride (1 10 mg, 0.094 mmole)'; and anhydrous 
,.. dioxane (3VmL).was heated at reflux under argon. After 1.5 hr, the reaction was 

concentrated to remove most of the dioxane, and the residue was taken up in Et^O (100 
35 mL). 10% KF (50 mL) was added and the mixture was stirred briskly for 0.5 hr. The 

aqueous layer was removed and the Et20 layer was filtered through a mixture of celite® 
and MgSC>4. The filtrate was concentrated and the residue was chromatographed on silica 
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. . • gel (10%.EtOAc/he5canes) to affordthbaiiJe/con'ipdund (1.12 g, 83%) as a. pale yellow oil: 
TLC (20% EtOAc/hexanes) R f 0.40; ] H NMR (400 MHz, CDC1 3 ) 5 7.2 1 - 7.30 (m. 1 H), 
.■■ ,7.06 -7.20 (m,,5 K), 7.00<d, J.~,7.8 Hz, LH), 4.69 (i,^J = 3,6 «z ? 'l H;), : 4:31 (d, J = 15.2 Hz, 
1 H)i 4.1 1'- 4.23. (m, 2 H); 3.76 - 3.97 (ni, 4'H), 3.59 - 3.68 (m,' 'l H), v 3.48 - 3.57 (m, 1 H), 
5 3.34 (dd, J = 15.2, 4.1 ^ Hz, *1 H), 2.97 (dd, J =' 15.2,9;5 Hz, 1 H)V2,7Q {Ui =-7.3 Hz. 2 H), 
< - 2.65 (dd ; J = 15.7, 4.8 Hz, hH)J2,51 r (dd, J ~<15.7; 9.5iHz, f l-H); 1.78 — K92 l H), 1.68- 
*1 .78(rn, 1 H), '1-.44 - l'i68.»(ml,:4«)?:t:27:(t, J = lA l ttz^ Wj\ MS'(ES) m/e 455 -:(M + Na) + . 

c) Ethyl (±)-10,l l-dihydro-3-[4-(2-tetrahydropyranyloxy)-l-butyl]-5H- 

1-0. . dibenzo[a;dJeycloheptenc^r0^acetate: so i ! ' ' ■ ' :■■<'.-.'' % 

r::v ■ . ---iiA mixture of ethyl (±)-10,=l lrdihydrb-34^ 

, ; 5H-dibenzo[ a,d]cycloheptene- l!0-acetate ( 1 .2 g, 2.77; mmole), 10% Pd/C (0.3 g, 0.28 
•-<; mmole), and EtOAc (28 mL) was shaken at RT under hydrogen (50 psi) on a Parr 

apparatus : After 3 hr, the reaction: was filtered through celite© and tlie'fihrate was 
15 concentrated. Silica gel chromatography (<10% EtOAc/hexanes) gave the title compound 
( 1 .06 g, 88%) as a colorless oil: TLC (20% EtOAc/hexanes) Rf 0.51 ; -H NMR (400 MHz, 
CDCI3) 5 7.05 - 7.20 (m, 4 H), 6.92 - 7.03 (m, 3 H), 4.53 - 4.60 (m, 1 H), 4.34 (d, J = 15.1 
Hz, 1 H), 4.12 i 4s26 (m, 2 H),?3;80w 3.90(m, 3 H); 3.71 -3.80 (m, 1 H), 3.44-3.53 (m, 1 
H), 3.35 - 3.44 (m, 1 H), 3.33 (dd, J = 15.1, 4.1-Hz- l s H);-2.95 (dd; J =4 5.1, 9.4 Hz, 1 H), 
* 20-: . -> - 2.65- (dd, J =•;! 5.5; 4,9-Hz, 3 «)>*2.49 2.6 1 (*n,* 3« H); 1 .77- - 1 '.90 (m, 1 H), 1.45 - 1.77 (m, 9 
H)j.l :27 (l, J = 7rhHz,.3H); MS (ES) iti/e 459 (M + Na)+. 

d) Ethyl (±H 0,1 Kdih*^ 

acetate::; - /•■<<!■. .. i ;< j xu.n •> •.<*■' r.'- :,' . . " \-. 

25 ■.. . v A' solution of ethyl (±)^ 10,3 l-dihydro-3-t4-(2-tetra^ 

dibenzo[a,d]cycloheptene-10-acetate (456.0 mg, 1.04 mmole) and p- toluenesulfonic acid 
monohydrate (60 mg, 0.31 mmole) in absolute EtOH (10 mL) was stirred at RT. After 2 hr, 
the reaction was quenched with 5 % NaHC03 (1 mL) and concentrated to remove the 
EtOH. The residue was diluted with H2O (2 mL) and extracted with CH2CI2 Drying 

30 i (MgSC>4); concentration - and silica gel chromatography ( 1 : 1 EtOAc/hexanes) gave the title 
compound (342.4 mg, 93%) as a colorless oil: TLC (1:1 EtOAc/hexanes) R f 0.49; l U 
NMR (250 MHz, CDCI3) 8 6.85 - 7.25 (m, 7 H), 4,34 (d/ J = 15: 1 Hz, 1 H); 4.08 - 4.30 (m, 
* : 2 H); 3.75 -3:95 (m, 2 H), 3.53 - 3.72 (m, 2 H), 3.33 (dd, J = 15.1, 4.1 Hz, 1 HR 2.95 (dd, J 
=.15. 1,9.4 Hz, 3 H>, 2.40-2.75 (m, 4 H)i 1.45 - 1'*0 : (m, 4 H)» 1 .27 (t, J = 7.1 Hz, 3 H); 

35 MS(ES)>m/e 353 (M + H)+. 
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e) Ethyli(±)- W, 1 l-dihydfo-^(4^1^phthaHdiinrTlido)>d -biity]^5HHdibenzo[a,d]cycloheptene- 
.: KVacetate^.T 6 *. I'KV. 1 ;m.M 0(tt»» 'AMY. M ! 0. <\ H ; 

' i Diethyl azo'diearboxylate (0.2< ftlD, k.26 rfimole) was added dropwise to a solution 
; of ethyl (dr)^0,;l{lKlihydro-3-(4-hyd 
5- (0.37 g, t .Q5 itfttfoLefX triphenylphosphine (0.33 g, 1 .26 mmole), and phthalimide (0.19 g, 
1 .26 mmole) in ainhydtous THF (3 0 mL). at utfdef argon. After 23 hr', the reaction was 
concentrated oriT the rotavap. Silica gel chromatography (-30% EtOAc/hexanes) gave the 
title compound (0.35 g, 70 %) as a colorless oil: MS (ES) m/e 504.3 (M + Na)+. 

L: :*. ».* ' . />' .i tu ,Jfy,i\ -'\UV:J '." i - ■•*.:>■« * •;■ . i v ; ! i . 
1 0 0 Ethyl (±)- 1 0, 1 1 -dihydro-3-(4-amino- 1 -butyl)-&H-dibenzaf a,d]cycloheptene- 1 0-acetate 
Hy4Fazine>monohydrate<pfl lrgv-2'.il 8 immole) was. added to a- solution of ethyl (±)- 
1 0, 1 1 -dihy<fco;-344-(N-phthalVdimido3- 1 -butyl V5Hrdibenzo[a;dlcycloheptendrlO-acetate 
(0.35^.0 73 mrhole); in absolute EtQH (1,0 mL) andtoUuenef::(2jnU) fctRT.-. The reaction 
was stirred at RXrfor. Jj7 hcthea was ftltered^and theifilter!pax# was washed->with toluene. 
15 Concentration on the- rotavap gave' the title eompound (0.23 g, 90%) as a colorless solid: 

MS (ES).m/e 352.3, (M + H)+: - . >\r 

: ■ -. » , . « > - y i t 1. 1 • r ': A* ■£ • 4 = i »■ 

g) Ethyl (±)-ip v l l-dihydr0-3-[^-(l-Q^pyria : : v : 

: dibenzofa,djcyclqitepteneti0-iac€^atfe \. \?\ -•= ; .hb> FT - j'l! • ..'n*-M - ; ^ 
20 A mixtureiof 2-chloropyridine-N,-oxide^ hydfdchloride^OcH ig, 1 .88 mmole), ethyl 

(±)-10,n-dihydro-3-(4-amino T ^^^ (0.22 g, 

0.63 mmole), and NaHCC>3 (0.26 g, 3.13 mmole) in rerf-amyl alcohol (6 mL) was heated at 
, reflux for ? 21 hr. The rs^qtiojv mixture wastdiluted with CH^iG^ (lOO mL) and filtered, and 
the filtrate was concentrated on the rotavap. Silica gel chromatography (1 :9:-5 . 
, 25 MeOH/CH 2 Gl2/EtOAg)i gave the titleiDompoUnd (82. mg- 130%) as a; yellow oil : MS (ES) 
.m/e 445.2 (M.+'-H)^.;. . ? ( .» /;rj: * -/ ? ,jv ■ ..-».: v..- /n -./,;: •< !u\ 

- h) Ethyl (±) T 10J l-dihydro-344Kpyridin-2-ylamino)-l-butyl { lT5H- 
, dibenzo[a,d]cycloheptgne-10racetate : > * , . ^ ' : * 

30 . . A mixture of ethyl {+)- 10,1 lr.dihydro-3-f4-(l-oxopyridin-2-ylamino)-l-butyl]r5H- 
• diben^ofa,d]cycloheptene-10-acetate (0.07 g, 0J 6 mmole), lO^ Pd/C (0.O8 g, 0.075 

mmole),, cyclohexene (0. 16 mL, 1.6 mmole), and isopropanbl (4 mL) was heated at reflux 
■ under argon for 14 hr, then the catalyst was removed by filtration through" celite®. The 
- filter pad was washed with isopropanol aqd MeOH, and the filtrate was concentrated on the 
35 rotavap to give the title compound (0.046g, 69%) as a clear oil: MS (ES) m/e 429.3 (M + 
H)+. 
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i) Ethyl (±)-10,l l-dihydro-3-[4-(pyridin-2-ylamino)-l-butyl]-5H- 

dibeh2ofa,d]cycloheptene-10-acetic acid: ;: ' : ' - 
A mixture of ethyl (±)-10,l l-dihydro-3-[4-(pyridiri-2-yl^ 

dibenzo[a,d]cycloheptene-l 0-acetate (46 mg, 0.1 1 mmole) and 1.0 M'LiOH (0.66 mL, 0.66 
5 mmole) in THF (3 mL) and H2O (3 mL) was stirred at RT. After 24 hf, the reaction 

mixture was concentrated on the fotavap, iind the residue was diluted' witH H2O (5 ! mL). 

The solution was cooled in an ice bath, and 1.0 : N AcOHwas addktfsldwly to give a white 

precipitate. Chromatography on C- 18 ; YMC (45% ^ GH3CN/H2O cdntairiihg 0:1% TFA) 
: gave the title compound (13 mg, 21 %) as a white solid:' MS (ES) m/e 401 .3 (M + H)+. 
10 Anal. Calcd for C 2 6H^8 N 202 ' 0-5 H^O ■ 1.-5 CF3GO2H: C, 59.54; H, 5.31; N; 4.72. 

Found: C, 59:69; H; 5.31; N, 4.72. — > - * ! . " < - : ^ h ; 

; • ■' ' ' ! : Example 2 ; 1 '■ 

15 • Preparation of r±^10;l l- / dihvdro-3~13-(4-ethoxvpvridin"2-vlamino)- l-propvloxv1-5H- 
dibenzofa.dlcvcloheptene- 1 0-acetic acid ■ " 1 « - ' • 

a) Ethyl (±)- 1 0, 1 1 -dihydro-3-[3-(4-ethoxy- 1 -oxopyi idin-2-y lamino)- 1 -prdpyloxy 1-5H- 
dibenzo[a,d]cycloheptene- 1 0-acetate 

20 Ethyi (±)^1C,1 l-dihydrd-3-[3-(4-nitfG- l-oxopyridin-2-ylamino)-l-propyloxyJ-5H- 

dibenzo[a,d]cycloheptene-l 0-acetate (0.67 g, 1 .36 mmole), 1 .0 M NaOEt in ethandl (6.8 
mL, 6.8 mmole), and absolute ethknol (6.8 mL) were combined, and the mixture was 
warmed in an oil bath preset at 70°C. A dark solution was produced, which was warmed 
for 10 min, : then the oil bathwas removed, and the ; s61ution 

25 ■• additional 5 - 7 min Without external heating. The resulting solution was cooled in ice, and 
the reaction was quenched with glacial acetic acid (0.47 mL, 8.2 mmole). The mixture was 
concentrated and the residue was 1 partitiohed between CH 2 Cl2 (10 mL) and half-saturated 
NH4Cl ; (10 mL). The layers were separated and the aqueous layer was extracted with 
CH2C1^2 (2 x 10 mL): The combined organic layers were driedXMgSO^) and concentrated, 

30 and the residue was recoricentrated from toluene to leave a reddish-orarijge oil. Silica gel 
; chromatography (5% MeOH/CHC^) gave the title compound (601 .1 mg, 90%) as a yellow 
oil: TLC (5% MeOH/CHGl 3 ) R f 0.36; *H NMR (250 MHz, CDCI3) 5 7.95 (d, J = 7.1 Hz, 1 
H), 6.88 - 7.30 (m, 6 H), 6.77 (d, j = 2.6 Hz, 1 H), 6.67 (dd, J = 8.2, 2:6 Hz, 1 H), 5.95 - 
* 6.20 (mi 2 H), 4.28 (d, J = 15.0 Hz, 1 H), 4.18 (q, j = 7.2 Hz; 2 H), 4.04 (tJ'J = 5.6 Hz, 2 H), 

•35 ' 3.65 -4\00(m,4H), 3:46 (q, J = 6.5 Hz, 2 H), 3.30 (dd, J = 15.0,4.2 Hz, 1 H), 2.93 (dd, J = 
15.0, 9.2 Hz, 1 H), 2.65 (dd, J =15-6, 5.0 Hz, 1 H), 2.52 (dd, J - 15.6, 9.4 Hz, 1 H), 1.95- 
2.25 (rn, 2 H), 1 .10 - 1.45 (m, 6 H); MS (ES) m/e 491 (Ivl + H) + : 
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b) Ethyl (±)- 1 0,1 ]-dihydro-3-f3-(4-ethoxypyridin-2-.ylamino)- l-propylpxy]-5Hr 
dibenzo[a,d]cyGlphcptenG-10~aGetate / . , Jf , . 

, Admixture, of ethyl (±)-10,1 l-dihydrp-3-l3-(4-othoxy- ]-oxopyridin-2-ylarnino)-l- 
5 propyloxy|-5;H-dibenzola,dlcycloheptencr19-aGetatc (601,1 mg, 1.23 mrnole), cyclohexene 
(1.2.mU, [2:3,rnmple),J0%, Pd/C (130 mg, 0,0)2 mrnole), and absolute ethanol (12.3 mL) 
was heated at,reflux under argon. After 23.5 hr, the jeaetion.was hot-filtered through 
. , . eel he® and the filter f pad was: washed with ethanol. The filtrate was concentrated and the 
residue was reconcentrateri fromtoluejie. Silica gel chromatography. (5% MeOH in, 1 : 1 
10 , EtOAc/CHGl^) gave the title cpn\pound (528,1 rng, 90%) as a light yellow oil: TLC (10% 
MeOH in EtOAc/CHCl 3 ) Rf 0.67; ] H NMR (400 MHz, eDCl 3 ) £ 7:89 (d ? J =,5.8 Hz, 1 H), 

7.05 - 7.18 (m, 4 H), 6.99 (d, J = 8.2 Hz, 1 H), 6.77 (d, J = 2.6 Hz, 1 H), 6.66 (dd, J = 8.2, 

2.6 Hz, 1 H),6.17 (dd, J = 5.8,2.1 Hz, 1 H), 5.86 (d, J = 2.1 Hz, 1 H), 4.73 (brt, 1 H), 4.28 
(d, J = 14.9 Hz, 1 H), 4.1 1 - 4.25 (m, 2 H), 4.04 (t, J = 5.9 Hz, 2 H), 3.98 (q, J = 7.0 Hz, 2 

15 H), 3.83 (d, J = 14.9 Hz, 1 H), 3.76 -.3,85 (m, 1 . H), 3,43' (q, J? =»6.4-Hz,. 2, fl), 3.30 (dd, J = 
15.0, 4.1 Hz, I H), 2.93 (dd, J = 15.0, 9.2 Hz, J H), 2.64 (d* J =. 15.6, 4.$,Hz, 1 H), 2.52 
(dd,J = 15.6, 9.5 Hz, 1 H), 2.01 -2.11 (m, 2 H), 1.37 (t, J = 7.0 Hz, 3 H), 1.27 (t, J = 7.0 
; , Hz, 3, H); MS (ES) m/e.475 (M + , : ,i : ■ 

20 c) , (±)-!0,1 l-pihydro-3-J3-(4-ethoxypyr^ \; 
diben?.ola,d]cycloheptene-lOTacetic acid / i (j ^ 

v; 1-0 N NaOH £ 1 .7 mL, 1 .7 mrnole) was addetf drppwise to a solution of ethyl (±)- 
10, 1 1 -dihydro-343-(4-cthoxy9yri^ •? : . > 

di,benzofa,dJcycloheptenc-l()Tacetat;e (528,1 i^^l.jJ^migple^n/ab^lutq-^Aano! (1 1 mL) 

25 at RT, and the solution was* warmed in an pilbuth preset at 45/5C. After 20 hr, t^he reaction- 
, was concentrated, and the residue was reconqentratedifeom, ligQ^The/regjuJ-tipg residue was 
dissolved in, H2O (10 mL) and the solution was filtered. The,pH was adjusted to 7 with 1.0 
N HC1, and the mixture was.stirred briskly to convert r the initially-formedgumrny 
precipitate into a solid, Trituration witha glass rod and a spatula, aided in this 

30 transformation. The pH of the resulting mixture was readjusted to 7, ,and. the solid was 
collected and washed with plenty of H2O., The filtrate was. concentrated and the residue 
, was dissolved in H2O with the aid of a little L0 N NaOH. The.pH was adjusted to 7 to 
; afford a small second crop. The crops were combined and dried in vacuum' (40 - 50°C) to 
afford the.title.compound (453.7 mg, 82%) as an off-white.solid; HPLC (Hamilton PRP- 

35 1®, 45% CH 3 CN/H 2 0 containing 0.1% TFA),k' = 1 .32; ] H NMR (400 MHz, DMSO-d 6 ) 8 
7,78 (d, J = 6.6 Hz, 1 H), 7.35 - 7.65 (m, 1 H), 7:02 - 7.22 (m, 4 H), 6.97 (d, J = 8.3 Hz, 1 
H), 6.82 (d, J = 2.4 Hz, 1 H), 6.68 (dd, J = 8.3, 2.4 Hz, 1 H), 6.29 (dd, I H), 6. 1 5 (narrow d, 
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■•« 1 1 H), 4.20 (d, J = 14-6 Hz/.l H)-, 41&'Mi'4'H),-a.89 (d,'J = 44.6 Hz> I K); 3.60 - 3.71 
(m, l H), 3.30- r 3l5O,(m,T2H>, 3.20 (dd,-J =f t5:Iv4.1 Hz ; 1 H), 2;83;(dd, J = 15. li 10.1 Hz, 
1 H), 2.60 (dd;J'= 16,0, 5.3 Hz, 1 H), 2.48 (dd, J = 16.0, 8.9<Hz, 1 H, partially obscured by 
residual. solvent signal), 1 .90'- 2.05 (m, 2 H) ; 1 .30 (t; J = 6.9 Hz, 3 «); MS' (ES) m/e 447 (M 
5 :+ H)+ Anal. Calcd for C27H30N2O4 ■ 1:5 HCh C, 64:70; H, 6133; N, 5.59: Found: C, 
\ 64.53; H, 6.14; N, 5.31. ' .■ -.s-- v,i; ' . .: 

■ • ' : v " : ' Example 3 <r'' ; * - -"' * • 

10. Preparation of f±)-!0.1 l-dihvdro-3-l242-rethvlarnino)'thiazolU-vl^ 

; d]benzofa,dlbvcloheptene-^Q-acetic acid ; : - •■ ; s 4 . • . : ; 

1 a). Ethyl (±>- 10, 1 lfdihydro-342.[2Kethylafeino)thiaz6l-4^>a]- 1 -ethoxy]-5H- 
dibenzo[ia,d]cycloheptene-10 L acetate 1 < .■ ' ^ s 5 : 

15 ■ . : A solution of 2-(ethylamino)-4-thiazoleethanol (0.33 g, 1.9 mmole) and diethyl 
azodicarboxyiate (0.30 mL, 1 .9 mmole) in anhydrous DMF (5 riiL) was added dropwise 
over 5 min to a solution of ethyl (±)-10,l l-dihydro-3-hydroxy-5H- 
dibenzo[a,d]cycloheptene-10-adetate_ (296.4 mg, 1 mmole) and triphenylphosphine (525 
mg, 2 mmole) in anhydrous DMF (5 mL) at RT. The reaction was kept cool in a RT water 

20 bath during the addition. After. !.6 ! hr, the reaction was concentrated and the residue was 

reconcentrated from xylenes (2 x). Silica gel : chromatography (20% EtOAc/hexanes) gave 
the title compound (145.0 mg, 32%) as a yellow oil: TLC (1:1 EtOAc/hexanes) Rf 0.60; 
*H NMR (250 MHz, CDCI5) 8 7.00- 7.30 (m, 4 H), 6.98 (d, J = 8.2 Hz, 1 H), 6.77 (d, J = 

2.6 Hz, 1 H), 6.68 (dd, J = 8.2, 2.6 Hz, 1 H), 6.21 (sM «),- 5.00 - 5.25 (m; 1 H), 4.04 - 4.38 
25 (m, 5 H), 3.81 (d a J = 15.1 Hz, 1 H), 3.70 - 3.90 (m, 1 H), 3.13 - 3.40 (m, 3 H), 2.99 (t, J = 

6.7 Hz- 2 H), 2.92 (dd, J ==14.9, 9.3 Hz, 1 H), 2.64 (dd; J = 15.6, 5.0 Hz; 1 H), 2.51 (dd, J = 
15:6, 9.3 Kz^ 1 H)/l .27 (t, J = 7.2 Hz, 3 H); MS (ES) m/e 45 1 (M + H) + . 

b) (±)-10, 1 l-Dtoydro-3-[2^[2-(ethylam^ ■ 
30 dibenzo[a,d]cyclcheptene-10-acetic acid r 4 ' ■• ■ ' - 

' . 1 .0 N LiOH (C.32 mL< 0.32 rnmole) was added dropwise to a solution of ethyl (±)- 
' 10,n-dihydro-3-(2-[2-(ethyIamin'o)tW 

. 10-acetate (145.0 mg,0.32 mmole) in THF (2.4 mL) arid H 2 0 (0.48 mL) at 0°C. The 
• resulting pinkish-orange two-phase mixture was stirred at 0°C for 10 min, during which 
35 time the color faded to orangish-yellow, then was warmed to RT. After 1 .5 hr, a little more 
H2O (5 drops) was added, and the reaction was stirred for 42 hr, then was cooled to 0°C 
and neutralized with TFA (0.025 mL). The THF was removed on the rotavap, and the 
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resulting oily residue was diluted) with.0d,% TFAyCH^GN to give a Homogeneous solution. 
ODS chromatography (gradient; 40%^GH^CN/HgO containing*©: 1 % TFA, then 45% 
CH3GN/H2Q containing. 0.1 % TFA) gave fractions containingthe title compound. These 
werepooled, and thejC^CN was removed on the rotavap. The resulting aqueous mixture 

5 was made basic at 0°C to afford a homogeneous solution. Careful acidification to pH 4 ^ 5 
with 1 .0 N HC1 gave a solid precipitate, which was collected, washed with plenty of H2O, 
and dried to afford the title compound (80.9 mg, 51 %) as an off-white solid: HPLC 
(Hamilton PRP-1®, 45% CH 3 CN/H 2 9 containing 0.1% TFA) k'= 0.89; l H NMR (400 
MHz, CD3OD) 8 7.02 - 7.18 (m, 4 H), 7.00 (d, J = 8.3 Hz, 1 H), 6.79 (d, J = 2.6 Hz, 1 H), 

10 6.68 (dd, J = 8-3, 2.6 Hz, 1 H), 6.45 (s, 1 H), 4.26 (d, J == 14.9 .Hz, 1 H), 4.20,(1, J = 6.4 Hz, 
2 H), 3.87 (d, J = 14.9 Hz, 1 H), 3.68 - 3.80 (m, 1 H), 3.34 (q, J =7.3 Hz, 2 .H, partially 
obscured by residual solvent signal), 3.30 (dd, 1 H, obscured by residual solvent signal), 
2.99 (t,.J = 6.4 Hz, 2 H), 2.92 v (dd, J =15.0, 9.4 Hz, 1 H), 2.62,(dd, J = 15.9, 5.0 Hz, 1 H), 
2.47 (dd, J = 15.9, 9.3 Hz, 1 H), 1.27 (t, J = 7.3 Hz r 3 H); MS (ES) m/e t 423 (M + H)+. 

15 Anal. Calcd for C24H26N2O3S • 0.67* GF3CO2H:: C, 61.03; H, 539; N; 5:62. Found: C, 
61:21; H, 5.36; N, 5.60. 

\\ .0 • y-ri-r - ■- . . --■.;..« : . ■: Example 4 . ■_■ : ,\ • •.: ■■ ,m 

20 Preparation of (S) - 10.11 -dihydror3-l 3T(pvridin-2'.vlamino)- l-propvloxv1-5H- .. ! 
dibenzora.dk vcloheptene-1 Q-acetic acid r ■>;., 1 * v : ;v ; , 5 . . 

, a) Ethyl (S) JQ,1 kdihydro-:H3-(l-oxopyridin-2-yte^ 
dibenzo(a,d]cycloheptene-10;-acetate • ? : *v.' ; ! r ;; * 
25 . , ■ To a stirred solution of ethyl (S)- 10,11 -dihydro-3-Hydroxy-5H^ ; 1 

,/ dibenzola,d]cy.clohQptene-10-acetate (35 g, A 18 mmol) in dry THF (1.1L) and dry DMF 
(600 mL) under argon were ; added 2-[(3-hydroxy-l-propyl)amino]pyridine-N-oxide (29.4 g, 
175 mmol) and triphenylphosphine (45.9 g, 175 mmol). After all solids had completely 
dissolved (~1 h), the reaction was cooled to 0 °C in an ice bath and diisopropyl 
30 azodicarboxylate (36.4 mL, 95%, 175 mmol) was added via syringe. The reaction was r 
allowed to warm slowly to RT and was stirred for 18 h. Concentration and flash 
.chromatography, on silica gel (95:5 CHC^/MeOH) followed by a second purification by 
. flash chromatography on silica gel (80:20:5 CHC^/EtOAc/EtOH) gave the title compound 
, : (37.66 g„ 71%) as a pale yellow .solid foam:> ] H NMR (400 MHz, DMSO-d 6 ),5 8.08 (dd, J 
35 = 6.3, 1.1 Hz, 1H), 7.29 (t, .lH), 7.19-J.06 (m, 5H), 6,97 (d, J = 8.3 Hz, 1H), 6.84 (d, J = 
2.5, 1H), 6.79 (dd, J = 8.5, 1.6 Hz, 1H), 6,69 (dd, J = 8.3, 2.6 Hz, 1H), 6.57 (m, 1H), 4.17 
(d, J =14.7 Hz, 1H), 4.13-4.07 (m, 2H), 4.00 (t, 2H), 3.91 (d, J = 14.7 Hz, 1H), 3.66 (m, 
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1H); 339: (t,-2H), 3,19 (dd, J5= 15.1/4:5 Hz£lift 2.85 (dd, J = 15:1 • 10.0 Hz;' 1H), 2.65 (dd, 
J-= 15.8, 5.4 Hz, 1H), 1.99 (m; 2HV K18 (tj3H); MS (ES) m/c 447.3 (M + H)' 4 '. ' 

b) Ethyl (S)-10,l l-dihydfo343-(pyridin-2-yIamiho)-l-propyl6xy]-5H~ 

5 dibcnzo[a,d]cycloheptene»-iO-aceta:e ■ r » 4 ' - ?: . ,1 " . ■ : - - 
To a stirred solution of ethyl (S)-10,J 
propyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetate (37.66 g, 84 mmol) in isopropanol 
(700 mL) were added 10% palladium on activated carbon (18 g, 16.9 mmol, carefully pre- 
wetted in isopropanol under argon) and eyclohexene (85 mL, 839 mmol). The reaction was 
10 then heated to reflux under argon in an oil bath set at 90 °C . After 6 h an additional 
amount of 10% palladium on activated carbon (1 8 g, 84 mmol, carefully' presetted in 
isopropanol under argon) and eyclohexene (85 mL; 839 mmol) vv/ere added. After an 
additional 1 8 h the reaction was hot-filtered through celite®, and the filter pad was washed 
with 1 : 1 MeOK/CHei3K600 mL). The filtrate' was concentrated under vacuum and the 
15 residue was purified by flash chromatography on silica gel (95:5 CHCtyMeOH) to give the 
title compound (29:2 g, 81 %) as a pale yellow oil 'H NMR (400 MHz, DMSO-d 6 ) 5 7.94 
< (dd, J = 5.4,fl.9 Hz, IH),;7.G5-7.31 (rn, 1H); 7:18 (d, J = TJ2 Hz, 1H), 7.14-7.06 (m, 3H), 
6=97 (d, Ji= 8.3 Hz^lH), 6:83 (d, J = 2.6, 1H), 6.68 (dd, J = 8.3, 2.6 Hz, 1H), 6.54 (t, 1H), 
v 6.44 (m 2H)j.4.17 (*1/j^14:6 Kz; 1H);4 ,13-4.02 '(in; 2H); 4:00 (t, 2H),: 3.91 (d, J = 14.7 
20 Hz, 1H); 3.66 (mi 1 H), 3.35 (m^H),^ 1 9 (dd; J = 1 5. 1 , 4.4 Hz; lH)<-2.86 (dd,'J = 15.1, 
' 10.1 Hz, <iH), 2.65 (dd, J - 15.8, 5.4 Hz, 1H), 2.55 (dd, J = 1518, 8.7 Hz, 1H), 1,93 (m, 2H), 
1 . 1 8 (t, 3H); MS (ES) m/e 43 1 .4 (M + H)+ ) 

c) 1 (3)^0,1 UDihydr^^ 

25 dibenzo[a,d]cycloheptene-10-acetic acid 1 

To a stirred solution of ethyl (S)- 10,11 -dihydro-3-'[3-(pyridin-2-ylamino)-l- 
. propyloxy]-5H-dibenzofa,d3cycloheptene-10-acetate (29.20 g; 68 iiimol) in dioxane (350 
» mL) was added aqueous 1.0 N NaOH (110 mL, 110 mfnol). The cloudy reaction was 
stirred at 50 °Oin an oil bath for 24 h, then the resulting homogeneous solution was 
30 neutralized with aqueous 1.0 N HC1 (1 10 mL, 110 mmol). The solution was concentrated 
to near dryness by rotary evaporation to precipitate out the product" ' The- supernatant was 
decanted off and the remaining gummy solid was dried under vacuum and redissolved in 
1 : 1 methanol/CHCl3. The clear solution was then reconcentrated by rotary evaporation and 
thoroughly dried under vacuum. The remaining solid was triturated with a small volume of 
35 water, filtered and dried under vacuum to give the title compound (26.85 g, 94%) as an off- 
white powder: HPLC (Hamilton PRP- 1 ® , 35% CH3CN/H2O containing 0. 1 % TFA) k' = 
2.88; 1 HNMR(400MHz, DMSO-d 6 ) 8 7.94 (dd, J = 4.7, 1.6 Hz, 1H), 7.38 (m, 1H),7.18 
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(d, J = 7.3 Hz,- 1 H), 7- 1 4i(d, : J •== 3.9 V?J 2B), #,0$;(rn, lH)/&97(d, J ='8i Hz/lH)j 6.83 (d, 
J = 8.6 Hz; Hft?&78 (br.s, 1H), .6.68 (dd, X = ;8.3, 2i6 Hz, 1H), .6:50 (d,tJ = 8.3. Hz, 1H), 
6.47 (dd, 1H), 4.20 (d, J = 14.6 Hz, 1H), 4.00 (t, 2 H), 3.88 (d, J = 14.6 Hz, 1H), 3.67 (m, 
1H), 3.37 (m tr a : H),3,20,(dd, J = 15.2, 4.4 Hz, 1H), 2.83 (dd, J = 15.2; 10.1 Hz, 1H), 2.60 
5 (dd, J = 15.9, 5.3 Hz, 1H), 2.50 (dd, 1H), 1 .95 (m, 2 H); MS (ESVm/e 403.3 (M + H) + . 
Anal.,Ga)cd for;C25H26N203 : H 2 0^ C:71,41> H, 6.71; N, 6.66. Found: C, 71.21; H, 
, : 6.53; N, 6;54. r* ■ - _-v . : '-'- \ .• .-.fv ? > v . • • 

...••'.:.••»■ 1. 1 \ . :-..r-:. v L.'Si/.'ij: M- i.-.r, v. • >--»\i*. ■> - . ■ •« 

.« " .i s -.:v;*- v *.•;,- ' " s . ■> Example 5 , <•.;•■■■ ? • •■* •' \:< 

10 ■ ; . :. . . ,, , .... : -.. :> , ■ •;. . r . 

Preparation of IMzlSLi lTdihvdro-3-f2r(6~aminoDvridin-2-vU- lTethoxy1r5H- 
dibenzola.dlavclohepteneT 10- ac e tic ac id, , - ( . ■ r ? : - 

a) Ethyl (±H<M il-dihydrQ-3-l2<6- : aminppyndin-2f : yl)r 1 ^ethoxy]-5HT; : <* 
15. , i dibenzo[a,d]cyc1pheptene-10-acetate. ; < . - :;: ^ u ; j- f: \ \ >q , / r'\ 

A solution of 6-arnino-2-pyridylethanol (0.23 g, 1 .68 rrimdle) and diethyl 
azodicarboxylate (0.26 mL, 1 .68rnmole) in anhydrdus.DMF(5 mL) was. added dropwise to 
: i a solution-pf ethy! (±)- 10 J ^ 

. and. triphenylphosphine (0;48 g v ? 1 .82 mnr^o1e) i;i; anhydrous vDMF (5 mL) fct RTv. After 1 hr,v 
20 the reaction was concentrated and the residue , was [purified by flash chromatography on ^> 
, silica gel (1:1 EtOAc/hexar.es) to afford the title compound (0.030. g): .-MS (ES) m/e 417 

(M + H)+ , • ; J \^\ ;,:s . \l K = < 

b) (±)-10,l l-Dihyd.o-342T(6-aminopyr:di^^ 

25 10-acetic acid *.:->:■ .> v?*;: \!-^^—- b.;-;i . 

A solution of ethyl (±)-10,l lrdihydro-3-[2-(6^arninopyridinr2-yl)-;l-ethoxy]-5H- 
dibenzo[a,d |cycloheptene- 1 0-acetate (0.030 g* 0.072 mmole) and 1 .0 N NaOH (0.J 4 mL, 
0.14 : rnmole) in Me.OH (2 mL) was stirredfat RT overnight, then was concentrated. The 
residue was dissolved, in H2O and the pH of the solution was adjusted to 7 with k0 N HC1. 

30 - Concentration and chromatography on a.(>18 Bond Elute column (10:9:1 

CH3CN/H2G/TFA) gave the ^le compound (0,01 3.g): .MS (ES) m/e 389 (M + H)+. 
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Li Example 6 

Preparation of (R)-1QJ l-dihvdrQ^3-l3-(pvndin-2-vlaminoY- l-propvioxvV5FP ' 
dibenzoFa^dlcvcloheptene- 1 O-acetic acid •" . .' . , « f ; = 

5 

a) Ethyl (R)-10,ll-dihydro-3-['3- { r-oxopyridr^^^ 1 
dibenzo| a,d]cycloheptene- 1 0-acetate ^ ' ^ : - : » >-■*»:-• v 

A solution'of<2-[(3-hydroxy-l^ 
and diethyl azodicatVboxylate (0:65 rnL 4: 4 mrnole) inahhydrouS DMF (20 hili) was added 

10 dropwi'se.' over 10 min to a solution of ethy ; ■ 

dibenzo[a,d]cyclcheptene-10-ace:tate (0.45 g; 2 rnmole)'and trvphenylphosphine (1.2 g, 4 
ramble): in anhydrous DMF (8 ml) at RT under argon ' After 23.5 hr, the reaction was 
concentrated on the rotavap, and the residue was reconcentrateid from xylenes to remove 
residual DMF. Silica gel chromatography (1-4% CH3OH/CH2CI2) gave the title 

1 5 compound (0150 g* 74' %) as a yeMow oil : MS (ES) r rh/e 1 447 (M ^ H)+. 

b) Ethyl (R)-l();U-dihydrq^3-l3^ 

• dibenz3[a,d]cyeLohepterie- lO^acetate / ! « ; ' * ' ■■»-■*'■ • 

• ■ r> : Admixture- of methyl 1:0/! 1 ^dihydro-3^'3-tl ^6^yr\^-^y\ii^6)^\ ! ' - 
20 propyloxy ]-5H-dibenzo[a,d]cyc]oheptene^ 1 0-acetate ! (0;5 gv 1^ mmolb); 1 0% Pd/C (0.25 g, 
; 0.2 rnmole), cyclohexene (2i'mL; 20 mmole-), arid isopfapanoi (1 0 mL) was heated at reflux 
for; 18 hr, then the catalyst was removed by filtration 1 through celite®; Silica gel /i 
chromatography! (0.5-2% CH30H/CH2Cl 2 ) gave the title compound (0:4. g, 83%) as a light 
yellow oil: MS (ES) m/e 431 (M + H)+. 

25 

c) (R)-10,l l-Dihydro-3-[3-(pyridin-2-ylamino)-l-propyloxy]-5H- 
dibenzo[a v dJcyclQhepterje^,l 0-acetic acid* . J : ' •* 

A mixture of ethyl (R)-i0,l l^dihydro* 343-(pyridin-2-ylarnind> 
dibenzo[a,d]cycloheptene-l 0-acetate (0.4 g, .93 mmole) and 1.0 N NaOH (1.1 mL, 1.1 
30 mmole) in absolute EtOH (10 mL) was warmed in an oil baith set at 50°C: : After'l 8 hr, the 
reaction was concentrated on the rotavap and the residue was dissolved in H2O. The 
aqueous solution was adjusted to pH 4 with 3 N HO, and the solid precipitate was collected 
. and washed with H2O: The material was dried in high vacuum at 40°C to afford the title 
compound (0.36 g, 96%) as a nearly colorless solid: [a]^ +50.8° (c = 0. 12, CH3OH); MS 
35 ; (ES) m/c 403 (M.+ H)+. Anal. Calcd for C25H26N2O3 • 0.5 H 2 0: C, 72.97; H, 6.61 ; N, 
6.80. Found: C, 73.09; H, 6.38; N, 6:58. ■ 
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... d^ififtamplc 7 

Preparation of, VI Q.~l.^ 

dibenzol a,d Icycloheptene- 1 0-acetic acid ■ . - 

5 

a) Ethyl (S) T 10,1 Udtyydro T 3 7 I2-16<me^ 

dibenzo[a,d]cycloheptene-10-acetate . t ■ 

According Xo the : procedure q£ Example 6'(a)y.e*cdpf; siibstiUiting,.6^methylamino)- 
. 2-pyridylethanol for th§ 2-[(3-hydroxy^ ethyl (S)- 

10 1 0, 1 1 -dihydro^hydrQxxr5H-diben2ol^,dJcye]oherptene- 1 0-aeetate for ethyl (ft).- 1 0,1 1 - 
dihydro-3-hydrox^-5^ 

obtained as coJorlessro!l,f<pJtowing i silica gel chromatography. (0:2 -2% MeOH/CH2Cl2): 
MS (ES),431. 2(M + H)t, jr ^ , ; ... ■ ■ . •; , - , ; . f: r.^^v. i- 

15 b) (S)-l0,l1-Dibydro-3-[2-|6^ ; 
dibenzof a,d]cycloheptene- 1 0-acetic acid 

Ethyl (S)-!0,1 l-dihydro-3-[2-[6-(methylamm^^^ 
dibenzo[a,d]cycloheptene-10-acetate (80 mg, 0.18 mmol);was dissolved in THF (4 mL), 
and a solutioa of LiQHr mg, Qc9A;AiniO|).iut H5Ql(4jmL)was t added. The solution 

20 ; ■ was stirred at RT for 72 hr, then \yas diluted with ether ( 1 0.mL)a JJhe Supernatant was 

decanted and the solid was suspended in H^O. GarefuL iicidif ication to pH 4-with 3 N HC1 ] 
gave the title compound ; as ; a white solid : MS(ES) 403 <M + ,H)"t; Anal. Calcd for 
: C25 H 26 N 2°3 * ^0v75 H 2 Q: G i ;72.18;^^6.^^r6^.^f ? oundC C, 72.44; H, 6.52; N, 6.71... 

25 Example 8 

-; ! r ;v . . .; i f.-i • • 1 < 

Preparation of (±)-10,l l-dihvdro-3-13-(34.5.6-tetrahydrcpvrirnidin-2-vlamino)-l- i; 
propvloxvV5H - dibenzora .d 1cvc l oheptene^l 0-acetic acid 

30 a) Ejthy! (±)-l 0,1; 1 -dihydro-3-l3-(4-nitrobenzyloxycarbonyl)arnino-l-propyloxy]-5H- 
dibenzota,d]cyc.loheptene-10-acetate ,. t - ■ 

, According to the procedure of Example ,6 (a), except substituting 3-(4- . 
: nitrpbenzyloxycarbonylamino)-l-propanol for the 2-[(3-hydroxy-t-propyl)amino]pyridine- 
N-pxrde, and ethyl (±)-10,1 KdihydrOr3-hydroxy-5H-dibenzo[a,d]cycloheptenc-10-acetate 
35 for ethyl (R)- 10,1 l-dihydro-3-hydroxyT5H-dibenzo[a,dJcycloheptene-10-acetate, the title 
compound was obtained as amber oil: MS (ES) 533.3 (M + H)+. ' ■« ■ 
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b) Ethyl (±)-10,l l-dihydro-3-(3-amino-l-propyloxy)-5H-dibenzo[a,d]cycloheptene-10- 
acetate "'- r :/> ■ ;\ 

A mixture of ethyl (±)-10,l l-dihydro~3-[3-(4-nitrobenzyloxycarbonylamino)-1- 
propyloxy]-5H-dibenzo[a,d]eycloheptene-vlO-acetate -(l.;6;g/3 mmol),'10%«palladium on 
5 charcoal (0.8 g, 1 mmol), and ethanol (50 rrili). was shaken Under H2 (48Cpsi) for 3 hr, then 
the catalyst was removed by filtration through celite®. The filtrate was concentrated to 
give the title-compound ( 1.2 gi 1-00%) .as ^a -yellow oil: MS' (ES) 348.2 (M •+ H) + . 

c) Ethyl (±)-IO;H-dihydrov3-[3-(^ 

10 - diben2o| a,d]cyclqheptene- 1 0-acetate ' • > : 1 -'^ ;< r. ■ >^ > ! \ : /' 
v : v • A mixture^of ethy! (±)- 1 0, 11 -dihyc!ro-'3-(3-amino^l -p'ropy loxy)-5H- 

■ dibenz61a;d]cycloheptene- 10- acetate (0.4 g,- l mmo!e);'sodium bicarbonate (0.5 g, 6 
'mm64£),.2^bromopyrimidine (0.34 g, 2 mmole) and ethanol' ( 10 mL) was heated at reflux 
under argon for 18 hr. The solution was then decanted and concentrated. The residue was 
15 purified by chromatography on silica gel (0.2 - 2% MeOH/CH2Cl2) to give the title 
compound (0,1 7 g, 34%) as a pale yellow oil: MS (ES) 432.3 (M + H) + : 1 

1 d)_Ethyi (±)40;1il^ihydr^ 
- • 1: ':r;dibenLof a,d]cyclc*epte^e-4<)^aGetate - • ^ r ; : \u\'.a;u • :•>.]- v •.■ 
20 ; * A* mixture of ethyl (±)-l€n i-dihydro-3^3-(pynmidiil-2-ylamino)-l-propyloxy]^ 

5H-dibenzo[a,dJcycloheptene-10-acetate (0.1 7g, 0.38 mmol), 10% palladium on charcoal 
(0.085g, 0.08 mmol), 4 M HC1 in dioxane (0.1 rnL, 0.4 mmol) and ethanol (5 mL) was 
shaken under H2 (48 psi) for 6 hr, then the catalyst was removed by filtration through 
celite®. The filtrate was concentrated to* give! the title compound (0.19 g) as a yellow oil: 
25 MS (ES) 436.3 (M + H)+. " 

e) (±y\ 0,1 1 -Dihydro-3 [3^(3,4,5,6-tetrahydropyrimid-2-ylamino)- 1 -propyloxy]-5H- 
dibenzor^dleyclohepteneMO-acetic'acid ' ■>*- ■ ' <! « " ; ■* - ■ *' 
-j i A solution of ethyl (±)- 10,1 l-dihydro-3'[3-(3,4-5,6-tetrahydfopyrimid-2-ylamino)- 

30 l-propyl6xy]-5H-dibenzola,dJcycloheptene-10-acetate (0. 1 7gi 0.36 mmol), lithium 

hydroxide monohydrate (0.042g,-l mmol), THF (3 mL), and water (10 mL) was stirred at 
room temperature for 20 hr, then was concentrated. The residue was dissolved in water, 
and the solution was brought to pH 4 with 3 N HC1. The resulting solution was kept in the 
refrigerator overnight, then the supernatant was decanted away from the solid. The solid 

35 was dried in vacuum to give the title compound (0. 145 g, 91 %) as a tan solid: MS (ES) 
408.3 (M + H)+ Anal. Calcd for C24H29N3O3 • 1.3 HC1: C, 63.37; H, 6.71 ; N, 9.23. 
Found: C, 63.67; H, 6.84; N, 9.46. 
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Example 9 ' v - 

Preparation pf (±V1QJ1 -dihvdrQ^3-[3'(isQquinoline- 1-vlamino)- l-proovloxvl-5H> 
5 dibenzo[a.dlevGloheptene7l0racelic acid , « > : . • * 

a) Ethy L<Mr 1 -dihydro^-l 3-( 1 ro^oisoq^inolii^es- 1 vyjairiino)- 1,-propyloxy 1-5H- 
dibenzo[a,djcycloheptene-10-acetate 

According t<>the procedure; of Ejcarnplev6, (a), except substituting J- [(3-hydroxy- 1- 
10 propyl)amino]-isoquinoline N-oxide for the 2-[(i3f T hiydrmyr:l-propyl)aminpjpyridine-N-- 
oxide, and-subsj[itMti;ngjethylf(iO-10,l ^lrdihydro-3-hydroxy-5H-dibenzDlaid]cycloheptene- 
1 0-acetatefor, fhe .etihyA (RHQJI 1 rdihydro-3Thydroxyt5H-dibenz6fa,d JcyelQheptene- 1 0- 
acetate, the title compound was prepared as ,a pale yellow dilrnMS (ES):m7e 497.2 (M + 

b) Ethyl (+)-a0,1 l-dihy.dro-3-[3-(i$^ ; 
dibenzofa,d]cycloheptcne-10-acetate 

■ . > ; ^ :i According to the procedure ofrExarppJe.6 (b), except substituting ethyl (±)-10,l 1- 
dihydro-3-[3-(1-oxoisoquinoline-l-ylamino)-l-p*^ 

20 10-acetate for^the ethyl ,(R)- 10^1 lrdihydro.-3^[3r(lHbxopyridin-2-ylamino)-l-propyloxy]^ 
5H-dibenzofa,d]cycloheptene-10-acetate, the title compound was prepared a& a clear oil: 
MS (ES),m/e48!.3(M + H)+ . ,-. s ''_,!■- !■/, . rfi . - - • ; > ;. 

, .v.:-. .;,.<* ?\*: v!.< i;^: 1 /i-ii^,^--; r 5 «':..;:^.:. r 

c) ;(±)-10,l l-Dihydro~343r(^ ;? L -•■ :•- 
25 dibenzo[a,dJcycloheptene- 10- acetic acid . ; . t > ?>i ; 

According to the procedure of Example 6 (c), except substituting ethyl (±)-10,l 1- 
dihydro-3-[3-(isoquinoline : l-yl^^ 

acetate for the ethyl (R)-10J l-dihydro-3-[3-(pyridinr2-ylar^ 
... dibenzo|a,d]cycloheptene- 10-acetate, the title compound was prepared as an amber solid: 
30 ,MS (ES) ni/e 453.2(M + H)+. Anal. Calcd for C29H28N2O3 ■ 1-3 TFA 0.25 H2O: C, 
. . 62.71; H, 4.96;. N,. 4,63.. Found: G, 62:45; H V 4-92;,N, 4.41:: £ . 
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\ J •.*'F;x.*' iple 10 

Preparation of (±V1 0-1.1 -dihvdro-3^f344-(ethYlthi6)pvrM^ 

dibenzol a,d1cyc1oheptenc- 1 0-acetic acid 1 ; ^ 1 ; ;' 

5 

a) Ethyl (±)-10,l Wdihydro-3-[3^[4-(ethylthio)-l^ 

dibenzo[a,d]cycloheptene-l;0-acetate : : r 1 r ;,: f .• - ; ■ .. ... 

) Absolution of ethyl: (±)r 10, 1-1 •dihydrc-3 -[3^(4^n:tro- l-oxopyridin- 
propyldxy]-5H-dibenzo[aid]cyc!ohepr:ene- 10- acetate (30()'mg; 0.61 mmol) and sodium 
10 thioethy late (145 mg, 1.22 mmol) in DMF (5 riiL) was warmed it 70°G for 3tf. The solvent 
was removed on the rotavap and the residue was purified by silica gel chromatography (2 - 
, . 6% CH3OH/CH2CI2) to give, the title compound (90 mg) as an orange oil: MS (ES) m/e 
- 507.3(M + H)+. .: < v . :s . x ... >/.;■■*■ : : 

15 <b), Ethyl (±)rl0;l l-d!hydro-3-l3-[4-(ethy!th^ 
dibenzo[a,d]cycloheptene-10-acetate 

A mixture of ethyl (±)-10J l-dihydro-3-[3-14-(ethylthio)-l-oxopyridin-2-ylamino]- 
• l-propyIoxy]-5H-dibenzofa,d]cycloheptene-10-aceiate (60 mg, 0.1 19 mmol), Fe powder 
(70 mg), and glacial acetic acid (2 mL) was heated at 400°C'for .1:5 h: The mixture was 

20 cooled to RTiand diluted wrth H2O .and'EtOAc, and the pH was adjusted to 7-8 with solid 
Na2CC)3> The layers: were separated, and the aqueous layer was extracted with EtOAc. 
The combined organic layers were washed with H20,» dried (MgS04), and concentrated to 
give the title compound (60 mg) as a yellow oil: MS (ES) m/e 491.3(M + : H) + . 

25 c) (±)-10,l l-Dihydro-3-[3-f4-(ethylthio)pyridin-2-ylamino]-1-propyloxy]-5H- 
diberizo[a,d]cycloheptene-iO-acetic acid > : 

According to the procedure of Example 6 (c), except 'substituting ethyl f (±)-l 0,1 1- 
dihydro-3-[3-[4-(ethy1thio)pyridin-2^^^ 

10-acetate for the ethyl (R)-40,l r-dihydro-3-[3-(pyridin^2-ylamino>*l^propyloxy]-5H- 
30 •= dibenzo[a,d]cycloheptene-10-atetate, the title compound was prepared as a yellow: *H 
NMR (400 MHz, DMSO-d 6 ) 8 7.77-7.76 (d, 1 H); 7.17 - 7.15 (d, 1 H), 7.13 - 7,12 (d, 2 
H), 7.08 - 7.07 (m, 1 H), 6.96 - 6,94(d, 1 H), 6.81 - 6.80 (s, 1 H), 6i68 - 6.67 (d, 1 H), 6.52 
(s, 1 H), 6.35 - 6.33 (d, 2 H), 6.30 (s. 1 H), 4.20 - 4.16 (d, 1 H), 3.99 - 3.96 (t, 2 H), 3.89 - 
3.85 (d, 1 H), 3.65 - 3.63 (m, 1 H), 3.36 - 3.32 (m, 2 H), 3.22 - 3.15 (m, 1 H), 2:96-2.90 
35 (m, 2 H); 2.85 - 2.78 (m, 1 H), 2.62 - 2.56(m, 2 H), 1.94- 1.90(m, 2 H),1.26'- 1:22 (t, 3 H); 
MS (ES) m/e463:4(M + H) + . . 
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< 1 ' . - Example 1 1 

Preparation of (±)--10 J 1 -dlhvdror2^Tnethvl-3-l 3-(pvridin-2-vlamaio> 1 -Dropyloxv"l-5H- 
dibenzofa.dlcycloheptene- 10-acetic acid :\ 

5 

a) Ethyl {±)- 1:0,1 l-dihydro-2rmethyl-3-^ 

yDamino]- 1 -propyloxy]-5H-dibenzo[a,d]cycloheptene** 1 0-acetate 

v.^:;;i NaH (i60% dispersion in mineral 6il>t0. 14 g, 0:37 rhrnol> was added to a solution of 
, ethyl (±)r 1.0, 1 lrdihydro;-3--hydroxy-2-nnethy 1 0-acetate (100 

10 mg, 0.32 mtftoi) in DMSO (2 mL) under argbri, and the reaction was stirred at RT for 0.5 
hr. A solution of 24N-(3-methanesulfcnyloxy- l-propyl)-N-(*<?r/- . ' .>r> 
butoxycarbonyl)amtno^pyridine-N-oxide (160 mg; 0;4)mmole) in DMSO (f mL) was then 
added dropwise. The reaction was stirred at RT under argon for 18 hr; then was quenched 
with water (20 mL) and extracted with EtOAc. Drying (MgSO^), concentration, and silica 

15 gel •chromatography (1% MeOH/CHaCl2) gave the title compound (85 mg, 42%) as a 
colorless oil: MS (ES) m/e 561 .3 (M + H)+ s *. - . . j k .■ 

b) -, Ethyl (±)- 10, 1 1 -dihydro-2-_me>thy l-3r[3-< 1 -oxopy ridin-2-ylamino)- 1-propyloxy ]-5H- 
v dibenzo(a,djpyc;c;heptenc-107acetate'.. ; _iiv: 1: zixu-jr. K--'>:A'> ? t (z\/<~ \ 

20 TFA (0.1 6 g, 1 .4 mmol) was added dropwise to a solution' of ethyU(±)- 10, 1 1 - V, 

dihydrp-2-methyl-3-[3-tN-(^rf-butoxycafbonyl)-N-(l -oxopyridin-2-yl)amino> 1- - 
prppyloxy]-5H-dibenzo[a,d]cyclo|ieptene-lO-acetate (80 mg, 0 .14 mmole) in dry CH2CI2 
(3 mL). The reaction was stirred for 5 hr then was -concentrated on the rotavap to afford the 
title compound (60 mg, 43%) as a colorless oil: MS (ES) m/e 461.1 (M + H)+. 

c) Ethyl (±)-I0,l l-dihydro-2-methyl-3-[3-(pyridin^ 

: ■ dibenzQ[a,d]cy.clpheptene-10-acetate . < :r • v ■< - o , 

o According to ? the procedure of Example 6 (b), except substituting ethyl (±>- 10,1 1- 
k; dihydro-2 ; ?methyl^ ; . 

30 dibenzo[a,d]cycloheptene-l 0-acetate for the ethyl (R)-1Q,1 l-dihydro-3-[3-(l-oxopyridin-2- 
ylamino>l-prppyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetate, the title compound was 
prepared as an off-white solid:, MS (ES) m/e 4 1 7.3 (M + H)+t ' 

dV(±)-10,l,I-Dihydro-2-m i\. - 

35 < dibenzo[a,d]cycloheptene- 10-acetic acid * - . \ / r. . 

According to the procedure of Example 6 (c), except substituting ethyl (±)-10,l 1- 
dihydro-2-methyl-3-[3-(pyridin-2-yIamino)-l-propyloxy]-5H-dibenzofa,d]cycloheptene- 
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•1 0-acetate for the!fethy;l (R)-: 10,1 li*dih.ydrbtS-f3-4pyridin-2-ylamino)-l-propyloxy]-5H- 
dibenzo[a,d}cycloheptene- 1 0-acetate, the title compound was obtained! as an off white 
solid: 'H NMR (400 MHz, CDC1 3 ) 8 7:75. (d,. 1 H), 7.65 (l; 1 H),. ; 7. 1 5 (m, 3 H), 7.05 (m, 1 
H), 6.83 (s, 1 H), 6.7 (d, 1 H), 6.65 (m, 1 H), 6.60 (s, 1 H), 4.25 (d, J = 15.1 Hz, 1 H), 4.05 
(t,2H), 3.80 (m, 1 H), 3.75 (d, J = 15.1 Hz, 1 H), 3.50 (t, 2 H), 3.25 (dd, 1 H), 2.85 (dd, 1 
H), 2.68 (dd, 1 H), 2.60 (dd, 1 K), 2,15 (t, 2 H), 2.10 (s, 3 H); MS (ES) m/e 417.3 (M + 
H) + - 

Example 12 : • " v'-y"- . - 

Preparation of (±)- 1 Qjl 1 -dihydrc-2-(dimethvlamino)m^ 

vlaminoV 1 -propvlox v1-5H-dibenzol a.dlcvcloheptene- 1 0-acetic acid ; ' 

a) Ethyl (±> 10^1^ 
ylamino)-!-propyl6xy]-5H-d^ 

According to the procedure of Example 6 (a), except substituting ethyl (±)-10,l 1- 
dihydro-2-(dimethylamino)methyI-7^ 

• acetate for the ethyl (R>10J/lTdihydro-3^hydroxy-5^ 

ethyl, /Jie title Gompbund was tpbtaihed^ollo'wing silica gel chromatography (gradient: 1 : 1 

* EtOAc hexanes, then^EtOAc,' then 20% MeOH/CI^C^, then 30% MeOH/Cl^Cb): MS 
(ES) m/e 522.3 (M + H) + . 

b) Ethyl {±Hj0 r 'l ; l--rt^ 

propyloxy]-5H-dibenzo[a,dJcycloheptene-l 0-acetate ' 
25 According to the procedure of Example 6 (b)Vfexcept substituting ethyl (±)-10,l 1- 

>\ > dihydro-2^dimethylamirio)i^^ 

v: 5H-dibenzofa,d]cycloheptene-l 0-acetate for the ethyl (<R)-10,Tl-dihydro-343-(l- 

oxopyridin-2-ylamino)-l-propyloxy]-5H'-dibenzo[a,d]cycloheptene-10- the title 

compound was obtained following silica gel chromatography (1 0% MeOH/CH^jG^): MS 
30 (ES) m/e 506.2 (M + H) + . • 

c) (±)-10J l-Dihydro-2-(dimethylamino)me^ 
propyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetic acid 

Saponification was conducted according to the procedure of Example 6 (c), except 
: 35 substituting ethyl (±)-10,l l-dihydro-2-(dirriethylami™^ 

ylamino)-l-propyloxyJ-5H-dibenzo[a,d]cycloheptene-l 0-acetate for the ethyl (R)-10,l 1- 
dihydro-3'43-(pyridin-2-ylamino)-S^ 
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Thereactior^vvas acidified with iglacm[ HOAe/ahd' the cruise product was desalted by 
chrqmatpgraphyrtoo XADr2 ; resin?to affoud the title compound* as ia white solid:: MS (ES) 
m/e 478.3, H>+. Anal: Calcd for C 3 ()H 36 FN 3 0 5 1 .25M20: C, 64.32; H, 6.92; N, 
7.50. Found: :C,63.87;*H, 6.47; N, 7.96. 

5 .• - • : 

* , . • Example 1 3 ■ / 

Preparation of (S)-10.1 l-dihvdro-3-f3-(4>methvlpvridin-2-vlamino)-l-propyloxy1-5H- 
dibenzo[a.d1cycloheptene-10-aceticacid 

10 

a) Ethyl (S)-IOJ l-dihydro-37[3-(4-rnethyl- 1 l-oxopyrid!n-2-y.lamino 

dibenzo[a,d]cycloheptene-l:()-acetate!« <}'■'. \ K I '- K 

A solution of 2-[(3-hydroxy-l-propyl)amino]-4-methylpyridine-N-oxide (1.72 g, 

9.45 mmole).and diethyl azodiearboxylate (l/.49_ rn£;, 9.45 mmole) ( in anhydrousDMF (50 
15 mL) was added dropwise.over JOimin.to a solution of ethyl (S'>10;1 l>dihydro-3-hydroxy- 

5H-dibenzo[a,djeycloheptene-10-acetajtei(;1.4 g, 4,7£ mmole) and>tripheny!phosphine (2.60 

g, 9,9.2 mmole) in anhydrous DMF. (50 mL) at RT under -argon.; After 1.9 hr< the reaction 
. .was concentrated orUheTGtavap, and the residue' was recohceritrated from xylenes to 

remove residual PMEi Silica-gel chjiomatographiy <igradiehtni30%7EtO Ac/hexanes (0.5 L), 
20 then EtOAc,(l L), then 5% MeOH/CHCl 3 .) gave the title compound (.1 ,31 g, 60 %) as a ; 

yellow oil: MS (ES) m/e 461.3 (M + H)+. ./> ■> 

...,b) Ethyl (S)-10,l l-dihydro-3-f3K4r^ 

dibenzo[a,d]cycloheptene-10-acetate -wi ; -i> ■-.**« ^ 

25 . A mixture of ethyL(S)-10,-l lh&^ 

propyloxy!-5H-dibenzo[a,d|cycloheptene-10^acetate (0.86 g,i r t .87 ramble), 10% Pd/C (0.86 
g, 0.81 mmoje), cyclohexene (1 .89 mL, 1 8.7 mmole), and isopropariol (20 mL) was heated 
, at>reflux under argon for 1.9 hr, then, the catalyst was removed by filtration through.celite®. 
. Silica gel chromatography (1 :9: ; 10 MeOH/CF^C^/EtOAc) gave the title compound (0.65 
30 g, 78%) as a clear oil: MS (ES) m/e 445.2 (M + H)+ • > 

c) (S)7l0,l ! lrDihydro~3-[3-(4-methylpyridin-2-ylamino)-l-prop>ioxy]-5H- 
dibenzo[a,d]cycloheptene-10-acetic acid :: 

. , Admixture of ethyl(S)- 10,1 l-dihydror3-[3-(4-methylpyridinT2-ylamino)-l- 
35 propyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetate (2:08 g, 4:69 mmole) and 1 .0 N NaOH 
(7 0, mL, 7.0 mmole) in absolute EtOH (45, mL) was warmed in an oil bath set at 45°C. 
After 18 hr, the reaction was concentrated on the rotavap and the pH was adjusted to 7 with 
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1 .0 N HCI. The solid precipitate was collected and washed with H2O. Drying overnight 
afforded the title compound (1 .61 ; g, 82%) assa nearly colorless solid: MS (ES) m/e 417.4 
(M + H)+. Anal. Calcd for C 2 6H28N20 3 - 1.0 H 2 0: C, 71 .87; H, 6.96; N, 6.45. Found: 
C, 71.63; H, 6.96; N, 6.30. , > M.. ; : ,m . .'.} \r <\ -. 

Example 14 

Preparation of (S)- 10.1 l-dihvdro-3-l344-(2-propvioxy)pvridin^^ 
• SH-dihenzbra.dlcycioheptene^lO-acetic acid 'iii. ; ' : ■; > ?r *>•*.■;> 
10 1. :• - > ..>r- *\ ... ■ - • ; Vr •• - 

v - a) Isopropyl (S)-10,l l:-dihydrd-3-[3H4-(2 -propyl 
; propyloxyl-SH-dibenzdfaidlcycloheptene-lO-acetate t ; «' ' . 

n A mixture of: ethyl (S)-10,l)l-dihydro-3-[3^(4-nitro-l-oxopyridin-2-ylamiho)-l- 
./ propyl6xy]-5H-dibenzo|a,d]cycloheptene-10-acetate (0.2 g, 0:4 mmole) and sodium 
15 isopropoxide'(0;067 g, 0.8 mmole) in isopropariol (5 mL) was heated at 80°C for 3.5 hr, 

then more sodium isopropoxide (0.05 g, 0.6 mmole) was added, and the reaction was stirred 
at RT overnight j Concentration and silica gel chromatography (gradient: 5% - 15% 
MeOH/CH2Cl2) gave the title compound (0.106 g, 52%) as S light brown oil: MS (ES) 
^-5i9.3'(M:+«M^tvy,.w:- ;-oi:,;^...^ -rfM-.: f ( M-{-s.« • .-■ 

20 ^ ; 1 ..v:.. ; iu, ■ .? ■ : - - r •.. - 

b) Isopropyl (S)-10; fl-dihydrc-3-[3-[ ; 4-(2-propyloXy)pyridin -2-ylamino]- 1 -propyloxy]- 
5H-dibeh2ola,dJcycloheptene-'10-acetate - : ' .1 t / - • 

AcGording.to the procedure of'Ejiample 13 (b), except substituting isopropyl' (S)- 
10; 1 l-diHydron3-[3*[4^(2-propyioxy)-Jioxopyridirir 1 -propyloxy]- 5H- 

25 dibenzof a,d]cy cloheptene- 1 0- acetate for the ethyl ' (S)-'l 0, 1 1 -dihydro-3-f 3-(4-methy 1- 1 - 
oxopyridin-2-ylamino)- 1 -propyloxy ]-5H-dibenzo[a,d]cycloheptene-10-acetate, the title 
compound was obtained as slightly yellow oil'fotlowing silica gel chromatography (5% 
MeOH/CH 2 Cl 2 ): MS (ES) 503.4 (M + H)+. - 1 1 

30 - c) (S)-T0,ll-Dihydro-3-[3-[4-(2-^^^ 

. dibenzo[a,d]cycloheptene-10-acetic acid ; ' -v,.**. 

According to the procedure of Example 1 3 (c), except substituting isopropyl (S)- 
10,1 l-dihydro-3-[3-[4-(2-propyloxy)pyndin-2-ylamino]^l-propyloxy]-5H- • 
dibenzo[a,d]cycloheptene-10-acetate for the ethyl (S)- 10,1 l-dihydro-3-[3-(4- 
35 methylpyridin-2-ylamino)-l-propyloxy]"5H-dibenzo[a,d]cycloheptene-10-acetate, the title 
compound was obtained as white powder: MS (ES) 461 .3 (M + H) + . Anal. Calcd for 
C28 H 32 N 2°4 °- 96HCI: C, 67.86; H, 6.70; N, 5.65. Found: C, 68.26; H, 6.86; N, 5.25. 
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.*:...■■ . .. o v: i: , Examplfe 15 > = S ' M-Jiif i.:,;"! f- 

• i :; ;c > i ; ; : ~ * ,7 -) ;„.;..; ; . ; :< v 1 ■ - • . • ■ * ,. ■ ■ . . 
Preparation of (SV10.1 l-dihvdrO'S-r^^-f^chloropvridin-l-vlaminoVl-propvloxvl-SH- 
5 dibenzof a,d1cvcloheptcne- 1 0-acetic acid 

a) Ethyl (S)-10,l l-dihydro-3-l3-(4-chloro-l-oxopyridin-2-ylamino)-l-propyloxy]-5H- 
- d i benzol a,d]Qyctaheptene- .1 0-acetate« <-< - - -_; t -}- r r s . . I ../-..■ \_< ' ' ,! ■•: 

A solution of ethyl (S)-10,l 1 -dihydro;i3*4:3ft^^^ 

10 propyloxy]-5H-dibenzo[a,d"|cycloheptene-10-acetate (0.47 g, 0.96 mmole) in acetyl 

chloride (7 rnL; 9&<nimQlc) was heated at reflux, for cl hrr The react ion^rriixiure was poured 
onto ice (50 g), and the pH was adjusted <to 8,<Dl u si rtgjsaturated;NaHG.03 (caution: bubbles 
violently!). The [mixture! waSiextf acted with .<DH-2Cl5!(2 x 100;mL) -and the combined 
organic layers were washed sequentially with Jt^Q^SO *rtL) and brtrie (50 rnL). Drying 

1 5 (MgS04> and concentration gave* the title compound: MS 0ES>48K2; (M:.+ H) + . 

b) Ethyl (S)-1Q,1 l-dihydro-3-f3-(4.-chloropytridin-2-ylamino>Kpropylexy]r5H- . 
dibenzota^d^cycloheptene-IO-acetate;; . 1 o*;: -,(. = • . ■ ... • M r 

A mixture of ethyl (S)-10,l l-dihydro-3-[3-(4-chloro-l-oxopyridiiv2^ylarninb)-l- 
20 propyloxyJ-5H-dibenzo[a,dlcycloheptene-10-acetate (0.13 g, 0.27 mmole) and 2.0 M PCI3 
1 in-CH2Cl2 (8 rnL, 16 mmole) was heated at reflux for 22.hr. -The reaction mixture was 

cooled and poured onto ice (200 g), and the pHwss -adjusted to. 12 using 40%;NaOH. 
- CH2CI0. (2 x 1 00 ml) extraction, drying (-MgS04);; concentration, arid silica gel 
chromatography {A% MeQH/GH2Ci2) gave* the title jcornpound (93 mgy 74/%*) as light 
25 yellow oil: MS (ES) 465.3 (M +'H)^; ;: : . - . .u-.r- • ■Mi-w'^vvtai/: r.w, / 

<c) (S)-10,l l-Dihydro-3:.[3-(4rchloropyridin-2-ylam r- 
dibenzo[a,dJcycloheptenc- 1 0-acetic acid ; ■ - - J *m 

According to the procedure of Example 13 (c), except substituting ethyl (S)- 10,1 1- 
30 dihydror3rl3-(4-chlor9pyridin-2-yto 

acetate for the ethyl (S)-10,l l-dihydro-3-[3:(4-mjsthyl.pyridin-2-ylamino)-J..-propy.loxyl- 
. , \ 5H-dibenzofa,d]cycloheptene-10-acetate T the title, compound, was obtained as off-white 
powder: MS (ES), 437.2 (M +.H)+ • . Anal. Calcd for C25H25N2O3 • 1 .0 HQ: C, 63.43; H, 
5.54; N, 5.92. Found: C, 63.1 1 ; H, 5.82; N, 5.62. . r- .. : , r' . 
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Preparation of (SV 1 ; Q. 1 1 -dihydro-3-f 344-(dim^ 1 - 

propvloxv1-5H-dibenzora.d1cveloheptene-10-acetic acid l; y : :,l , t-' : . • 

a) Ethyl (S)- 1 0,1 I -dihydro-3-[3- (4-ch!oi:6- J 7 o;;opyridin-;2-y lamino)?!! >propy loxy ]-5H- 
dibenzo!a,djcycloheptene-10-acetate :■,•?/.•.<, ; t ^ ;;v ^r;.--: 

A solution of ethyl (±)r 10, 1 j:-dihydro-3-[3-(4-nitro- 1 -ox6pyridin-2-yIairhino> 1 - 
propyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetate (0.47 g, 0.96 mmole) in acetyl 

10 chloride (7 mL, 98 mrnole) was heated at reflux for 1 hr. The reaction mixture was poured 
onto ice (50 g), and the pH was adjusted to 8.0 using saturated NaHCC>3 (caution: bubbles 
violently!). The mixture was extracted with CH2CI2 (2 x 100 mL), and the combined 
organic layers were washed sequentially with H2O (50 mL) knd brisie (50 mL). Drying 
(MgS04) and concentration gave crude title compound which was carried forward without 

1 5 further purification. MS (ES) 48 1.3 (M 4- H)+ 

b) Ethyl (S)-10,l l-dihydro-3-[3-l4-(dimethyIamino)-Uoxopyridin-2-ylamino]-l- 
s ;propyloxyJ^$H-dfbenzo[e i> dbyclohepteneT;10-acerate r - : ! ; 

A mixture of &tixyl;(S) r ^ 
20 propyloxy]-5H-dibenzo[a,d]cycloheptene-10-acetate (0.96 mmole) and 2.0 M 

dimethylamine in MeOH (3 mL, 6 mmole) was refluxed for 16= hn Concentration and silica 
■1 gel chromatography (7%< MeCH/CH2Cl2) gave the title compound (0:049 g, 10 %) as a 
' Hght brown powder:. MS (ES);490.3;(M ^«)±, ^Unchanged ethyl (S>10,1 l-dihydro-3-13- 
(4-chloro- 1 -oxopyridin-2-ylamino)- 1 -propyloxy ]»5H^dibenzof £,d]eyc!oheptene-10-acetate 
25 was also recovered from the chromatographic purification. 

c) Ethyl (S)-10,l l-dihydro-3-[3-L4-(dimethylamino)pyridin-2-ylamino]-!.-propyloxy]-5H- 
dibenzo[a,d]cycloheptene-10-acetate ; : :: : , 

According to the procedure of Example 1 3 (b), except- substituting ethyl (S)- 10, 1 1 - 
30 dihydro-3-[3-[4-(dimethylamjno)^^ '> ' 

dibenzo[a,d]cycloheptene-10-scetate for the ethyl (S)- 10, ll-dihydro-3-[3-(4- methyl- 1 - 
;Oxopyridin-2-ylamino)-lrpropyloxy]-5H-dibenzo[a,d]cycloheptene^l0-ac title 
compound was obtained as white powder following silica gel chromatography (8% ; 
MeOH/CH 2 Cl 2 ): MS (ES) 474.3 (M + H)+ 

35 
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d) (S)- 1 0, 1 1 -Dihydro-3-l3-[4-(dirtiethy.iami4io)pyridin-2-ylamino]- 1 -propy loxy]-5H- 
dibenzo[a,d]cycloheptene-l 0-acetic acid 

i According to the procedure. of Example 13 (c), except substituting ethyl (S)-10,l 1- 
dihydro-3-[3-[4-(dimethylamino)pyridin-2-ylamino]- 1 -propyloxy]-5H- 
5 dibenzo[a,d]cycloheptene- 1 0-acetate for the ethyl (S)- 10,1 1 -dihydro-3-[3-(4- 

methy!pyridin-2-yl£ir:irio)-l-^ the title 

compound was obtained as white powder: MS (ES) 446.2 (M -kH)+. Anal. Calcd for 
C27K31N3O3-O.5 H 2 0 .1.0 HG1:' C, 66.04; H>, 6:77; N, 8.56. Found: G, 65.96; H, 6.60; 
8/26.!- isf -i .-. r ■■ ^-.-p. »■!' .1 1 i [ .-».*:• 

• • ••> :« r , . ■ . ' Example 17 ■ ' - ■ <■■ * - 

. Preparation of IS-V1Q. 1 ldihydro-343-(4"e*hoxvpvridin-2-v^^^ 
: dibenzofa.dlcvcloheptene-1 0-acetic acid »' - ;Vj jv v .:.j.v. '*■■<"' 1 
15 * V/- H-- 

a) Ethyl (S)-10,l l-dihydro-3-[3-(4-ethoxy-l-oxopyridin-2-ylamino)-l -propy loxy]-5H- 
dibenzo[a,dlcycloheptene-19-acetate • - : , ; 

According to the procedure of Example 2 (a), except substituting ethyl (S)-10,l 1- 
dihydro-3^3*<4?nitro-4-m 
20 dibenzo[a,d]cycloheptene-l 0-acetate (496.9 mg, 1 .01 mmol) for the ethyl (±}-10,l I- 
dihydro-3-f3-(4-nitro-1-oxopyridin-2-ylamino)-l-propyloxy)-5H- . ^ 
dibenzo[a,d]cycloheptene-l 0-acetate, and using 0.53 M NaOEt (4.0 mL, 3: 12 mmol) and 
absoluteethano! ( 1 0, mL) in the displacement redaction, the title compound (456.2 mg, 92%) 
; ,was prepared; MS <ES) m/e, 491 (M+H)+.v ■ .?.»r. :-. : -. - - , , 0 , 
25 >: ■ >r : ■ — . vr -V - - - 

b) Ethyl (S)-10,l l-dihydro-3-[3-(4-ethoxypyridin-2-ylamino)-l-propyloxy]-5H- 
dibenzo[a,d]cycloheptene-l 0-acetate- ' » t » • : ! \ % . 

According to the procedure of Example 2 (b), except substituting ethyl (S)- 10,1 1- 
dihydro-3-t3-(4-ethoxy-l-oxopyridin-2-ylamino)-l -propy !oxy]-5H- 
30 dibenzo[a,d]cycIoheptene-l 0-acetate (456,2 mg, 0.93 rnmole) for the ethyl (±)-l(Vl 1- 
dilTydro-3-[3-(4-ethoxy-l-oxopyridin-2-ylamino)-.l -propy loxy]-5H- v " 
dibenzo[a,d]cycloheptene-l 0-acetate, the title compound (475.2 mg, quantitative) was 
prepared: MS,(ES).m/e 475 (M + H)+: . ■• • 
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c) (S)-10,ll-Dihydro-3-[3^^^ • - * 

• \ -dibenz6l*a;d]eycloheptene-10-acetic-acid-::i!; *,'*v. ;^2^--::v 

1.0 N NaOH (2.0 fnL, 2.0mmole) was added ;to a solution of ethyl (S)^10,l 1- 
dihydro-3-[3-(4-ethoxypyridin-2-ylamino)-l-propyloxy]-5H-dtbeh^ 
5 acetate (475.2 mg t 1 .0 mmol) in absolute ethanol (10 mL), and the solution was warmed at 
50°C in an oil bath. After 20 hr, the reaction ,'was concentrated and the aqueous residue was 
cooled to 0°C in an ice bath. 1 .0 N aqueous HC1 (2.0 mL, 2.0 mmole) was slowly added 
with stirring. An opaque, solid residu 

funnel. Drying in a vacuum desiccator overnight gay&fthe title compound (452;6 mg, 83%): 
10 MS (ES) m/e 447 (M + H)+ Anal. Calcd for C27H30N2O4 - 0.20 H 2 0 • 1 .75 HC1: C, 

:63.10; Hv630;;N^ 5:45;.; Found:. Gv63.10; 5.98; N, 5.38>.v ^ . 

• !!-;-.:;,;■■-. ■■ - ? ".''■**'' ! . •■' r -* ? Example. 1 8 n. ? - •■ v. 

; J :;.^! i. t i^: f .:.;i. * : u*', >ti: m'- ■ h.. -:^v • ■ . i •"■ 

15 Preparatiori-of 'fcbV:1.0.1 1-dihvdKO-7rfluoro-343-i(pvridin^2-vlamino) -l-propvloxv1"5H- 
dibenzora.dlcvcloheptene-lO-acetic acid . . ? - - 

a) Ethyl (±)-10,l l-dihydro-7-fluoro-3-l3-(l-oxopyridin-2-yte^ 

dibenzo[a,d]cyclohepte0e7liO x acetatetr^:: -Tj- r-!'fnvn~>. • ! '*> I 
20 According to the procedure of Example 6*(a), except substituting ethyl (±)- 10, 1 1 - 

« . dihydro-7-fluoro-3-hydroxy-5H^ for the ethyl (R)- 

10,1 l-dihydro-3-hydroxy.75H-drbenzo[^ the title compound was 

"■■ obtained as a cblorlesitoil following silicargel chromatography»(gradient; 1:1 
: . EtOAc/hexanes, then EiOAc; then A%t MeOH/G^G^i >■ MS (ES) m/e* 465; 3 .(M + H) + . 

b) Ethyl (±)- 10,11 -dihydro-7-fluoro-3-[3"(pyridin-2-ylamino)-l-propyloxy]-5H- 
dibenzo[a,d Jcycloheptene- 1 0-acetate 

According to the procedure of Example 6 (b), except substituting ethyl <±)- 10,1 1 - 
dihydro-7-fluoro-3-l3-(l-oxopyridin-2-ylaminc^ 
30 • dibenzo[a,d]cyc!oheptene-l 0-acetate for the ethyl (R)«10;l l-dihydro-3-[3-(l-oxopyridin-2- 
ylamino)-;l-propyloxy]-5H-dibenzofa,d]cyclohepLene-l 0-acetate, the title compound was 
/obtained: MS (ES) m/e 449.2 (M + H) + : >: ■» 1 > .~n i- 

< - c) (±)-10,l l-DihydrO"7-fluoro-3-[3Kpyridin-2-*ylamino)-l-propyloxyl-5H- 
35 dibenzo]a,d Jcycloheptene- 10-acetic acid '■ 

According to the procedure of Example 6 (c), except substituting ethyl (±)-10,l 1- 
dihydro-7-fluoro-3-l3-(pyridin-2-ylamino)- 1 -propyloxy]-5H-dibenzola,d]cycloheptene- 1 0- 
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acetate for the ethyl (R>10,il 1 Miihydro-3-P^pyriAn^^ •. 
dibenzo[a,d]cycloheptene-l 0-acetate, the title- compound was<obtaine&:\MS.(ES) m/e 421 .1 
(M + H) + ; !Atial.:GaJcdifbr G25H25FN2O3 -0.5 H 2 0: C, 69.99; H,)6. 10; N, 6.52. Found: 
C, 69.86; H, ! 5.90; N; 6.35. 1 

. . -mj-.-i iif'Soij; l.'v.- i - :v r :< . > >\ , t Example 19 ? , sr > j a : .~ 
: ,j v \.iv-. *..v w U. - .• 0 \ v - <} !\Vr V * /■ w l : ■ ' ■: 

. : Preparari(>n:oH±M0/11-&^ 

dibenzbla^dkyclohepterievilO^acetie acid ? ; » -v) -n 1 *;"- f^'sh :vw.*u.:i- «; ■.. 'tv:* 
10 "- ; . • ■ k \A. \i ■/> . " b-, i. ') :b«A / H- ' - V . . 

a) Ethyl (±)- 10,1 l-dihydrtf-6-niethyi-3-^ 
dibenzol a,d]cycloheptene- 1 0-acetate 

According to the procedure of Example 6 (a), except substituting ethyl (±)-10,l 1- 
dihydro-3-hydroxy-6-methyl-5H-dibenzo[a,dlcycloheptene-l 0-acetate for the ethyl (R)- 
1 5 1 0, 1 1 -dihydr.o r 3-hydroxy-5H-dibenzqpai^^ compound was 

obtained as a colorless oil following silica gel chromatography (gradient: ;1 : 1 ^ : 
EtOAc/hexanes, then EtOAc, then 4% MeOH/CH 2 Cl 2 ): MS (ES) m/e 461 .3 (M + H)+ 
. U . ; < .:'•! . ■ ■ ;'■ • *i - ; • * on - •: >- r ; ■ ■« I'vi""'-- -• ■ fjv? i. i • • r t ■ . : -v- ■: 

b) Ethyl (±)-10,l l-dihydro-6-methyl-3-[3-(pyridni^yl^ 

20 '* dibenzo[a,d]cycIoheptene-l 0-acetate r>> : = vi> .«» : ^ v «'* ,i,:i 

According to the* procedure of Example. 6 (b) j except substituting'ethy 1 (±)- 10, 1 1 - 
dihydro-6-methyl-3r[3-(l-oxopyridin^ , 
dibenzo[a,d]cyctcheptene-:10-acetateiforithe ethyl <tR)-1QJ l-dihydro*3-[3-(l-oxopyridin-2- 
ylamino)-l-prcpylQxy]-5H-dibehzofo title compound' was '■ 

25 obtained following silica gel chromatography (1% MeOH/CH2Cl2): MS (ES) m/e 445.3 
(M + H)* . * v • - "■.? \ ' f 

/• v ■■ ? -j|v k . v . .:. , 
ie) (±)- 10, 1 1 -Dihydro-6rmethyl-3-13-(pyridin-2Ty lamina)- 1 Tpjjopyloxy }-5H- 
dibenzo[a,d]cycloheptene^lO-acetic acid , ; 

30 . According to the procedure of Example 6 (e)< except substituting ethyl (±>- 10,1 1- - 

-.■ dihydro-6-methylT3-[3-(pyridin-2-ylamino)- 1 -propyloxy]-5H-dibenzola,d]cyclbheptene- 
1 0-acetate for the ethyl (R)-10,l l-dihydro-3-[3-(pyridin-2-ylaminb)-l-prbpyloxy]-5H- 
dibenzo[a,dJcycloheptene-l 0-acetate, the title compound was obtained as a white solid: 
MS (ES) m/e 417.3 (M + H)+ Anal. Calcdifor,C 2 6H 2 8N20 3 • 1,25 H 2 0:: C, 71.13; H, 
35 7.02; N, 6.38. Found: C, 71 .33; H, 6.67; N, 6:01 ., ; 
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.• !<•■-..•' ■ « Example 2Q .. 1 > u > \ .*.-.* 

Preparation of (SV10J 1-dihvdrO'3-f3-(4-aminopvridin>2-viamino)-l-Dropvloxv1-5H- 
5 dibenzo[a.d1cvc1oheDtene- 1 O-acetic acid • < \ \ 

a) Ethyl (S)- 1 0, i 1 -dihydfo-3-[3^4-nitro hor.opyndm^-yyemmoy 1 -pr6pyloxy]-5H- ' 
dibenzo[a,d]cycloheptene- 10- acetate -j.. :■ !._■*.' v.. : \. 

A solution of diisopropyl azodicarboxylate (1.7 mL, 8 mmole) in THF (10 mL) was 
1 0 added dropwise to a solution of ethyl (S)-10,l l-dihydro-3-hydroxy-5H- ■ « . i - ' 
dibenzo[a,d]cycloheptene-10-acetate (426.5 mg, 1.5 mmole), 2-[,(3-hydrexy-l-< 
s propyI)amino]T4-nitropyridrne-N-oxide (1:7 g; 8 mmole), and triphenylphosphine (2.5 g, 8 
mmole) in anhydrous PMF (20 mL) at;0i°C under argon. The yellow solution was kept at 0 
?C for, 1 0. min, then was warmed to RT.i After 23 hr, the reaction was concentrated: Silica 
15 gel chromatography (gradient: 5 30% .- 100% EtQAc/hexanes) gave the title compound (2.7 
g, 81%) as;an orange foam- MS (ES) rn/e 491 .8 (M:+.H)+ 

b) Ethyl (S)-10,l l-dihydro-3-[3-(4raminopyridin-2-ylarnir.o)-l:-propyloxy]-5H-- 
dibenzo[a,d]cycloheptene- 1 0-acetate 

20 A mixture of ethyl (S)- 10,1 l-dihydro-3-[3r(4-nitrO"T-oxopyridin-2-ylamino)-l- 

propyloxy]-5H-dibenzofa,d]cycloheptene-10-acetate (2.7 g, 6 mmole), cyclohexene>(6 mL, 
. 60 mmole), .10% Pd/G (L2 g, 1.10 mmole) v and isopropanol (30 mL) was heated at reflux 
under argon for 20.5 hr, then? was hot-filtered: through celite®. The filter pad was washed 
with hot EtQAc, and thexombined filtrates wereeoncentrated. The residue was 

25 chromatographed on silica gel{5% MeOH/CHCl^) to afford the title compound (2:4 g, 
98%) as a colprlessioam: MS (ES) m/e 445.9 (M + H)t. 

c) (S)- 1 0, 1 l-Dihydro-3-[3-(4-aminopyridin-2-y lamino)- 1 -propy loxy ]-5H- 
dibenzo[a,d]cycloheptene-10-acet ; c acid v - 

30 A mixture of ethyl (S)-10,l 1 -dihydro-3-[3-(4-aminopyridin-2-y lamino)- 1 - 

propyloxy]-5H-d ; .benzola,d]cycloheptenerl 0-acetate (2.4 g, 5 mmole), LiOH • H2O (03 g, 
7-mmole), THF (30 mL), and H 2 0 (10 mL) was stirred at RT for 48 hr, then was ■«■:-. 
concentrated. The residue was diluted with H 2 0 and extracted with Et20. The Et 2 0 
i f layers were discarded. The aqueous layer was stirred with gentle warming under vacuum to 

35. remove residual organic solvents, then was filtered. The resulting aqueous solution- was 
stirred, at RT while the pH was slowly and carefully adjusted to 5.5 - 6.0 with 1.0 N HQ. 
• The mixture was stirred for 0:5 hr, then the solid was collected by suction filtration and 
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washed with plenty of H2O. Drying in high vacuum at 60 °C gave the title compound (1 .0 
g, 42%) as a glassy solid: MS (ES):m/e : 4L7.7 (M + H)+ Anal. Calcd for C25H27N3O3 ■ 
1.4 HC1 (468.554): C, 64.08; H, 6.1 1 ; N, 8.97. Found: C, 64. 16; H, 6.20; N, 8.71 . 

5 Example 21 : 

Preparation of f ±V 1 0.1 1 -dihvdro-:3- [•3r(4-metfaylpvridiri-2-y lamino)- 1 - : > 
propy loxvldibenzof b.f loxepinc- 1 0-acetic acid : . ■ ': :. ; 

10 a) Ethyl (±)-10,H-dihydrd-3-[3-(^ - > 

propy loxy jdibenzdC^.fjoxepine- 1 0-aicetate f . v.- * '«;»•*.' -.0 • ;: » ! '• 

A mixturcof ethyl .(±)-l C; 1 1 -dihydro-3 : hydroxydibenzo[b,f)oxepine- 1 0-acetate 
(257 mg, 0.86 mmole), 24(3-bromo-l-propyl)amino]-4-me:hylpyridine-N~oxide 
hydrobromid? (308 mg,:0.94 mmole), NaOH pel!ets;£l 1 0 mg, 2.16 mmole)V and CH3CN (4 

15 mL) was stirred at RT under argon overnight. -The mixture was Filtered and the solids were 
washed with CH3CN. The filtrate was concentrated, arid the residue: was flash 
chromatographed on silica gel (1 - 2.5% CH3OH/CH2CI2) to afford the title compound 
(190mg,48%) as a .white -foam: MS (ES) :n/e 462.6 (M + H) + . ; ' . ' 

20 b) Ethyl (+)-l 0,1,1 -dihydro-3.f3-(4-methy3pyndin-2-ylamino)-l- • 
propyloxy]d?.benzo[b;f]oxepine-10-acetate' v _ * ; t . : . ■: ■ i 
■\ r A mixture of ethyl (±)-10, l l-dihydra-3^{3K4-r^^ 
, propyloxy]diberizo[b;floxepine-40-a^^ mg,0.08 
mmole), cyclohexene (810 mg, 8 mmole), and i^opropanol (4 jtiL) was-heated ; at reflux 
25 overnight. The catalyst was/removed by filtr*atidn through celite®, and therfilter cake was" - 
washed with ether. The filtrate was concentrated to afford the title compound (122 mg, 
68%) as a clear oil: MS (ES) m/e 446.9 (M + H) + . 

c) (±)- 1 0, 1 1 -Dihydro-3-[3-(4-methy lpyridin-2-y lamino)- 1 -propyldxy]dibenzo[b,f]oxepine- 
30 10-acetic acid ,,;-..-<• ;« 

: Amixture of ethyl (±)-10,l :l-dihydro-3-l3-(4-methylpyridih-2-ylamino)-l- 1 
propyloxy]dibenzo[b,fjoxepine-10-acctate.(l 19 mg, 0.27 mmole) and 0.991 N NaOH 
(0.545 .fliL t iO f S.4 mmole) in absolute EtOH (2 mL) was warmed in an oil bath set at 45 °C. 
After 20 hr,.the reaction was concentrated on the rotavap, and the residue was dissolved in 
35 H2O (1.5 mL).: The solution was filtered to remove insoluble material, and the filtrate was 
carefully neutralized* by dropwise addition of 1 .0 N HC1 (0.54 mL, 0.54 mrnole); The 
precipitate was collected and dried in high vacuum to afford the title compound (68 mg, 
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;5&%>:as:a white solid: MS <ES) >m/e 4L8.9!(M* H)t:, Anal. Calcd ^C 2 5H2S^2°4 ' 0.45 
HC1: C, 69.05; H, 6.13; N, 6;44. Fbund:JC, 69.25; H, 6.27; N,r6.16. - ; ti 

Example 22 

5 

Preparation of (±)- 10;,1 1 'dihvdro-3-[2-[6r(rmethvlamino^pvridin-2-yl1-1 - ( < 
ethox vldibenzofb^floxepine- 1 0-acetic acid [ i ,.«, m \ ; •*■[;• ,\\ ; 

a) Ethyl (±)-10,l l-dihydro-3-[2-[6-[N-tert-butoxyearj^^ 
10. ; 1 -ethoxyi]dibe>nzofb,floxepine r 1 0-aeetate • ; > . :v - ; . >. ... 

■ A solut ioni of 6-[N-(tert-butoxycafbonyl)-N-meihy lan7.ino]-2-pyridylethariol (397 
mg, 1.58 mmole) and.diisopropyl azodicarboxylate (0.31 mL, 1.58 mmole) in anhydrous 
: CH2Cl2 (8 ;iT)L) was added dropwise pver 10 min to a solution of ethyl (±)-l 0,1 1-dihydro- 
3.Thydroxyditen^r>bt.nPXepir f e-lQ-apetate (1 8£> nig, 0.63 mmole) and triphenylphosphine 
15 (413 mg, i .58 mmole) in anhydrous CH2CI2 (3 ? 2 mL) at RT under argon. After 22 hr, the 
reaction was concentrated on the rotavap, and the residue was flash chromatographed on 
silica gel (2 - 1 3% EtOAc/hexanes) to give the, title compound (146 nig,. 44%) as a clear oil: 
< MS (ES) m/e.533,p (M+ ; H)t. , i; . f ^, ,. f ._. , , 

20 b) Ethyl (±)-10J l-dihydro-3-[2-f6-(methylamino)pyridin-2-yl]-l- 

ethoxy ]dibenzo[b,floxepine- 1 0-acetic acid 

4 N HC1 in dioxane (1 .3 mL, 5.2 mmole) was, added dropwise to a solution of ethyl 

(±)~ 1 0, 11 -dihydjp r 3-[2r[6-[N-teii 7 butoxyc^t bon;y!)-N-methylamino]pyridin-2-yI]- 1 - 

ethoxy]dibenzo[b,f]oxepine^ 10- acetate (140 mg, 0.26 mindle) in GH2CI2 (1.3mL) After 
25 12 hr, the mixture was concentrated, and the residue was triturated with ether to afford the 

title compound as a white solid: MS (ES) m/e 432.9 (M + H)+. 

g) C±)-1PJ l^Dihydro-3-[2-[6r(rnethylam 

10-acetic acid ; , , . • , > . r -'i. r j... 

30 . . . A mixture of ethyl :(±)- 10,1 l-dihydro-3^2"f6-(rnethylamino)pyridin-2-yl]rl- 

ethoxy]dibenzo[b,f]oxepine- 10-acetic acid (0.26 mmole) and 0.991 N NaOH (0.525 mL, 
0.52 mmole) in absolute EtOH (2 mL) was warmed in an oil bath set at 50 °C. After 20 hr, 
the reaction was concentrated on the rotavap and the residue was dissolved in H2O (1.5 
mL). The solution was filtered to remove insoluble material, and the filtrate was; carefully 

35 > neutralized by dropwise addition of 1 .Q.N HGI. The. precipitate was collected and dried in 
high vacuum to afford the title compound (72 mg, 30% for 2 steps) as an off-white solid: 
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MS (ES) m/e 405.0 (M + H)+v Arrak €d!tdvf6r: G24 H 24 N 2 0: 4 U 1:25 HGI * °- 25 H 2° : c > 
63.42; H, 5.71; N/6. 16. 'Found: iC; 63:35; H, 5-9y N, 6.16. V : \ • 0 ." ; ^ * * 

Example 23 

5 

Preparation of (S)- lOrllUKhydra-3-^^^ 

dibenzofg Jlcvcloheptene- 1 0-acetic acid • < - .» v-'t;-?' v : .■ ■ • 

a) 3-(2-Aminopyriditi-4-yi)'pro]pan- ! '■> ■••:* ■» d--Hi. 

1 0 A suspension of 3-(2-aminopyridin-4-yt)propanote acid hydroehl6dde (0.73 g, 3.60 

mmol, prepared according 'to WQ94/T4776 in THF (i O^rriL) Was added over 45 min to 
lithium alumirruW hydride (1 J mL, 1 2 fnmoli" 1 M in THF) at 0 ?C: ' The ice bath was 
removed' and the reaction was 'allowed to 1 Stir at RT for 4.5 h-. The reaction Was cooled to 0 
°C, diluted with toluene (22 rriL) and quenched by the sequential- addition of H 2 0 (0.86 mL) 

15 and NaF (1.54 g). The resulting suspension was stirred £t 0°<j for J 45 J min. The reaction 
mixture was filtered and the precipitate was washed with additional 10% MeOH in CHCl r 
The combined filtrates were 1 Concentrated undfer reduced pressure. Flash chromatography 
(10% MeOH/CHCl 3 , silica gel) gave 0.25 g of the desired 'material as a clear oil: MS(ES+) 
m/z 152.7 [M+H]\ 

20 • " • ~ ■ i . • ; 

b) Ethyl (5)- 10,1 l-dihydro-3-[3-(2-aminopyrid^ 

•diber.zc[a,d]cycloheptenb-10-acetate r '* ' 

? A soiution of Example 1(a) (0.23 g, 1.51 rhmol) and di-isbpropylazadicarboxylate 
(0.29 mL, 1,50 rhmol) in CHjGl 2 (7 5 mL) was added dropwise to a solutibfi of ; 

25 iriphenylphosphine (0.39 g, 1 .50 mmol) and ethyl 2-[(TGS)-3-hydroxy:-10, 1 1 -dihydro-5//- 
dibenzo[a,rf]cyclohepten-10-yllacetate (0.30 g, 1 .00 mmol) in GH 2 C1 2 (5 mL) at 0 °C. The 
ice bath was removed and the reaction was allowed to warm to RT. After 18 h, the solvent 
was removed under reduced pressure.. Flash chromatogrpahy (50% EtO Ac/hexanes to 
100% EtOAc, silica gel) gave 0.32 g of material that contained the desired product. A 

30 second purification by flash chromatography (75% to 90% EtOAc/hexanes, silica gel) gave 
0:23 gof the desired material: MS(ES+) m/z 430.9 1M+H]t; - 

r : c) (5)-10;l l-dihydro-343-(2-aminopyridin-4-yl)-l-prdpylo 
* ' .dibenzo[a,J]cycloheptcnerl 0-acetic acid *- 1 * 

35 • - The compound of Example 1(b) X0.22 g, 0.50 mmol) was dissolved in IN NaOH 

(0.77 mL, 0.77 mmol), EtOH (3 mL) and THF (3 mL). After heating the reaction at 50 °C 
for 18 h, the solvent was removed under reduced pressure. The residue was dissolved in 
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. Hp (4 mL) and filtered. The filtrate-was acidifidd With 30% TFA in H 2 G and the resulting 
precipitate was collected/ Preparative HPLG (Hamilton* PRP- 1 ©, 3%-GH 3 CN/H 2 0 - 0. 1 % 
TFA) gave 10 mg of. the desired material as a hygrdsfeopic ; solid:- : MS(ES+) m/z 402.6 

[M+Hf. • i • ■■■>■':■•■:■ - ' • 

Example 24 < 

Parenteral Dosage Unit Composition 

10 A preparation which contains 20 mg of the compound of Example 1 as a sterile dry 

powder is prepared as follows: 20 mg of the compound is dissolved in 15 mL of distilled 
water. The solution is filtered under sterile conditions into a 25 mL multi-dose ampoule 
and lyophilized. The powder is reconstituted by addition of 20 mL of 5% dextrose in water 
(D5W) for intravenous or intramuscular injection. The dosage is thereby determined by the 

15 injection volume. Subsequent dilution may be made by addition of a metered volume of 
this dosage unit to another volume of D5W for injection, or a metered dose may be added 
to another mechanism for dispensing the drug, as in a bottle or bag for TV drip infusion or 
other injection-infusion system. 

20 Example 25 

Oral Dosage Unit Composition 

A capsule for oral administration is prepared by mixing and milling 50 mg of the 
25 compound of Example 1 with 75 mg of lactose and 5 mg of magnesium stearate. The 
resulting powder is screened and filled into a hard gelatin capsule. 

Example 26 

30 Oral Dosage Unit Composition 

A tablet for oral administration is prepared by mixing and granulating 20 mg of 
sucrose, 150 mg of calcium sulfate dihydrate and 50 mg of the compound of Example 1 
with a 10% gelatin solution. The wet granules are screened, dried, mixed with 10 mg 
35 starch, 5 mg talc and 3 mg stearic acid; and compressed into a tablet. 
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...... .,• . The abpye description fyUy L dii^ 

, However, the present invention is not 7 Jirnitctf to the particular embodiments described 
hereinabove,. bu*j^ scope of. the following ■ 

claims. The various references to journals, patents and other publications which are cited 
5 herein comprises the state of the art and are incorporated herein by reference as though 
fully set forth. ; i . : / 
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What is claimed is: ^ v ' 



1 . A compound according to formula (I): 



5 




wherein: , < •.-,. .. 

A is CH 2 orO; 
R 1 is H, halo pr Cj^alkyl; 
10 R 2 is H, Ci_ 6 alkyl or CH 2 NR M R"; 



X is O or CH2; 
Yis 



15 :■■ 




G is NR'\ S or O; 

R' is H, Ci_6alkyl, OCi^alkyl, SCi-6alkyl, NR M R" or halo; 
20 each R" independently is H or C|.galkyl; and 

s is 0, 1 or 2; v , . 

or a pharmaceutically acceptable salt thereof. 

2. A compound according to claim 1 in which Y is 
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, wherein R' is H, C 1 . 4 alkyl, OCi_ 4 alkyl, 
SC. M alkyl, NR"R" or CI and each R" independently is H or Cj_ 4 alkyl. 



3. A compound according to claim 1 in which Y is 




, wherein each R" is H or C 1 . 4 alkyl. 



10 



15 



and s is 1. 



C M alkyl. 



A compound according to claim 1 in which Y is 



' , wherein each R" independently is H or Cj_ 4 alkyl, 



A compound according to claim 1 in which Y is 



R"R M N — (( |T 



/wherein G is S and each R M independently is H or 



20 



6. A compound according to claim 1 in which Y is 




, wherein R" is H or Cj_ 4 alkyl. 



25 



7. A compound according to claim 1 which is: 
(±)- 10,11 -Dihydro-3-| 2-(6-aminopyridin-2-y 1)- 1 -ethoxy ]-5H- 
dibenzo[a,d]cycloheptene-l()-acetic acid; 
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r (±M0J1 ? -Dihyd^ " M " 

dibenzo[a,d]cycloheptene-l 0-acetic acid; ,; y " *' '- ' ' \ - ^ 

(±)-"10;l l-Dihy^ro-3-t3-(4-iethbxypy 
dibenzol a,d jcycloheptene- 1 0-acetic acid; 
5 (S)- 1 OVl 1 -Dihydro-3-[3-(pyf idin-2-y liimino)- 1 -propy loxy]-5H- 

dibenzo[a,d]cycloheptene-l 0-acetic acid; " ^r,.. ... 

(R)-10J i-Dih^drb^ 
dibenzo[a,d]cycloheptene-10-acetic acid; ' 1 

(±)-10Jl-Dihydro-3-[3-(3A5,6-ietfa^ 
0 dibenzo[a,d]cycloheptene-l 0-acetic acid; 
•'' ~* i (±)-10',l l-Dihydrd-3-[2-[2-^^^ 

dibenzo[a,d]cycloheptene- 1 0-acetic 'acid;-' : yy '" ' ' ' ' * ;u » 

(±)- 1 0, 1 l-Dihydro-3-l3-(isoquinoline- 1 -ylamino)- 1 -propy loxy]-5H- 
v?r ' dibenz;b[a,d]cycloheptene-10-aceuc acid;' ; ' 5 11 
1 5 (±> 1 0; 1 l^Dihydi o-7-fiu6rb-3-| 3-(pyridin-2-ylamino)- 1 -propyloxy 1-5H- 

dibenzo[a,d]cycloheptene- 1 0-acetic acid; 

(S)-10V1 l-Dihydro-3-[3-(4-rrie^ 
dibenzo[a,d]cycIoheptene-l 0-acetic acid; 

(S)- 1 0, 1 1 -Dihydro~3-[3-(4-ethoxypyridin-2-y lamino)- 1 -propy loxy ]-5H- 
20 dibenzo[a,d]cyci6hepterie-ld-acedc'acid; : ' " 

(±)-10,l l-Dihydro-6-methyK3-[3-(pyridin-2-y^^ 
dibenzola,d]cycloheptene- 1 0-acetic acid; 

; (£)-! 0, 1 1 -Dihydr6^2-(d^ 1 - 

propyioxy]-5H-diBdn^ /K 
25 (S)-10,ll-Dihydro-3-[3-[4-(2-propy 
dibenzola,dlcycloheptene-l 0-acetic acid; 

(S)-i04i-Dihyd^ 
Qibenzora,d]cycloheptene-l 0-acetic acid; 

(S)- 1 0, 1 1 -Dihydro-3-[3-[4-(dimethylamino)pyridin-2-yia^ino]- l-propyloxy]-5H- 
30 dibenzo[a,d]cycloheptene- 1 0-acetic acid; 

; (±)-10 ) ll-Dihydro-3-[3-[4-(ethyithio)pyfi^ 
dibenzo[a,dJcycloheptene-l 0-acetic acid; " 

(S)- 1 0, 1 1 -Dihydro-3- [3-(4-chloropyridin-2-y lamino)- 1 -propy loxy]-5H- 
dibehzo[a,d}cycloheptehd-l 0-acetic acid; 
35 (±)- 10, 1 1 -Dihydro-2-methyl-3^ 

dibenzo[a,dJcycloheptene- 1 0-acetic acid; 
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(S)- 1 0 J 1 7 Dihydror?-[ 3-(^pj^np^n rprppyjioxyJ-SH- 
dibcnzo[a,d]cycIoheptene- 1 0-acetic acid; : .<^;><'i< -*;<-F; .; r 

: t , (±3-Ji0,l 1-Dihyd^ 
dibenzol b,f loxepine- 1 0-acetic acid; 
5 (±)« 10,1 ; 1 : pjhydro-3-[2-[6-(methy laminp)pyridin-2-yl]- 1 -ethoxy]- 

dibenzo[b,f loxepine- 1 0-acetic acid; or } .. fT ,,_ !; i<r . y , 

(5)- 1 1 1 -Dihydro^^ -prp^loxyljS//- 
dibenzo[a,<i]cycloheptene-1 0-acetic acid; . , ,,.[., , : . . ? q i(t 

or a pbarmac^ically fccc$ptal?.l,e salt,tbprp^ ^ , . .. v 



10 



8, . comprises a compound according to 

claim 1 and a pharmaceutical^ acceptable; carrier. .. n \ ;, 



••1:-. •• » 



9. A pharmaceutical compos Lliqn.yhHjh cpnjpri3es a(CQ^ppund. according to 
1 5 claim 1 , an antineoplast.ip^^cnt an d a pharmaceutjcally ^cceptablp>carr.ier. 

10. The pharmaceutical ^cpmppsitipn according to claim 9 wherein the 
antineoplastic agent is topotecan. . .. tM . f t/i .. . 

M>Sr>,Tq- I -s or? In?/ily - * -riibi"»VyfY/' nil 3 -r-I-f.. j-fl-O'bvf jiC.3- t LO-. -« til 

20 11. The pharmaceutical composition according, to plaim 9 wherein the 

antineoplastic agent is cisplatin. ... , - r \. f ■ ,: 



12. f A method of : tre^tin 

receptor is indicated which comprises administering to a a 
25., .compound according to, claim, 1 v t .... m r ; 

13. (;< A method of treating a disease sjate.in which antagonism of the a v B5 
receptor is indicated which comprises administering to a subject in need thereof; a 
compound according to claim 1. . » : . > : 

30 " ' ' ' ' .'. : ,. ,.. .... . . . , . <■ 

: . 14. „ . A method of treating osteoporosis. which comprises administering to a 

subject in need thereof a compound according tp claim 1, 

15. A method for inhibiting angiogenesis which comprises administering to a 
35 subject in need thereof a compound. according to cl : aim 1 . , 
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16. A method for inhibiting tumor growth or tumor metastasis which comprises 
administering to a subject in need thereof a compound according to claim 1. 



17. A method of treating atherosclerosis or restenosis which comprises 
5 administering to a subject in need thereof a compound according to claim 1. 

1 8. A method of treating inflammation which comprises administering to a 
subject in need thereof a compound according to claim 1. 

10 19. A method of inhibiting tumor growth which comprises administering 

stepwise or in physical combination, a corrvpound according. to claim ! and an antineoplastic 



20. 

15 topotecan. 

21. 
cisplatin. 



The method according to claim 19 wherein the antineoplastic agent is 



; > » a 



The method according to claim 19 wherein the antineoplastic agent is 



20 



22. A compound according to formula (II): 



25 



30 



(CH 2 ) 



2^2-3 




wherein: 



COgC^galkyl 



Ais ! CH 2 orO; / «, 

R 1 is H, halo or C^galkyl; 

R 2 is H, Cj^alkyl or CH2NR"R"; 

X is O or CH 2 ; 

Yis, 



N 



R"R"N — (( 




.N. NR"- 

r y 



(ID 



R"R"N 
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NR'!- 



H 




R"R"N 




„: .i if. ; t ■ 



or 



' ' r G'is NR'TS'or 6; ; ^ ' '* v - v: ' /; 1 • 1 ■ 

5 ir-isH;C^^ 

each R" independently is H or Chalky!; and 
s is 0, 1 or 2; 
or a pharmabeutiedlty acceptable salt thereof; t? 1 



10 



23. A compound according to formula (III): 



15 




(CH 2 ). 




20 



— COgC^galkyl 



wherein: 

AisCH2orO; 

R 1 is H, halo or C i_6alkyl; 

R 2 is H, Ci-ealkyl or CH 2 NR"R M ; 

X is O or CH 2 ; 

R' is H, Ci-galkyl, OCi_ 6 alkyl, SCi^alkyl, NR"R" or halo; and 
each R" independently is H or Cj.galkyl; : 
or a pharmaceutical^ acceptable salt thereof- /" ; 



(HI) 



24. A process for preparing a compound of the formula (I) as defined in claim 
1; which process comprises reacting a compound of formula (IV) with a compound of 
formula (V): 
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HO 




"'.I r '.V-..' 5 J -. 



-CO^alkyl. , ; ■ Y-(CH^ 3 -Ll 

(IV) (V) 
wherein R*, R^, Y and A are as defined in formula (I), with any reactive functional 

groups protected, and is Oik or rial o; 

and thereafter removing any protecting groups, and optionally forming a 

pharmaceutical^ acceptable salt. 



' :■ iff : 



25. A process for preparing a compound of the formula (I) as defined in claim 
1 , which process comprises reacting a compound of formula (IV) with a compound of 



10 formula (VI): 



HO 




.NR" (CH 2 ) 2 . 3 OH 



CO^alkyl R > 

.,: ;„•■ - „.,.. . (VI) 



15 wherein R 1 , R 2 , R\ R" and A are as defined in formula (I), with any reactive 

functional groups protected; ,, , . ...... ,. ; .> 

and ; thereafter removing any protecting groups,. and optionally forming a, ;; 
pharmaceutical^ acceptable salt. 

20 ■ ; , 26. , A process for preparing a compound, of the formula (I) ,as defined in claim 

1, which process comprises reacting a compound of formula (IV) with a compound of 
formula (VII): . , .... jV ■ ... .. . • , 



25 



HO 




R" 



\ . 



O- 



,N+ /(CH 2 ) 2 . 3 OH 



^ C0 2 C 16 alkyi ! " 



(IV) 



(VII) 
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wherein R*, R 2 , R" and A are as defined in formula (I), with any reactive 
functional groups protected; 

and thereafter removing any protecting groups, and optionally forming a 
5 pharmaceutical^ acceptable salt. 

27. A compound according to any one of claims 1 to 7 for use as a 
medicament. 



10 28. The use of a compound of the formula (I) as defined in claim 1 in the 

manufacture of a medicam 
a v B3 receptor is indicated. 



manufacture of a medicament for the treatment of diseases in which antagonism of the 



29. The use of a compound of the formula (1) as defined in claim 1 in the 
15 manufacture of a medicament for the treatment of diseases in which antagonism of the 

a v 65 receptor is indicated. 

30. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of osteoporosis. 

20 

31 . The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the inhibition of angiogenesis. 

32. The use of a compound of the formula (1) a£ defined in claim 1 in the 
25 manufacture of a medicament for the inhibition of tumor growth or tumor metastasis. 

33. The use of a compound of the formula (I) as defined in claim 1 in the 
* manufacture of a medicament for the treatment of atherosclerosis or restenosis. 

30 34. The use of a compound of the formula (I) as defined in claim 1 in the 

manufacture of a medicament for the treatment of inflammation. 

35. The use of a compound of the formula (I) as defined in claim 1 and an 
antineoplastic agent in the manufacture of a medicament for the inhibition of tumor growth 
35 in physical combination or for stepwise administration. 
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36. . . vlfhpjiise according to claim 35 wherein the antineoplastic agent is 



5 



topotecan. - 
37. 
38. 



The use according to claim 35 wherein the antineoplastic afeent is cisplatin. 

The use of a compound bf-the formula (I) as defined dn ctaim 1 nand an : 
inhibitor of bone resorption in-flie toatiuTactbfe of ai ? riiedicahienffor the fteatmenf of 
osteoporosis r iif physi^al'jcp 7 t ^ 7- v .<< ,'~Z' r 
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